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ABSTRACT 
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cell to inhibit gene expression of a larger gene in (bat cell. 
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baa a region with doubte-eiranded structure, Inhabilioa ia 
w|ucncc*H>ectnc ia thai the nucleotide asqacnoea of the 
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GENETIC INHIBITION BY ccfl. Stun. uiflfcultien with ant isanae -based approaches 

DOUBLE-STRANDED UNA relate lo delivery, Mobility, tnd (trait requirement*. In 

general, eclhi Jo out have uptake mccfimtaai fur single- 

RELATED APPLICATION Mraodcd nucleic setts, bene* uptike of anmochficd singss- 

^. ... t . . . c ,„--.. . s ««oded material is extremely inefficient. While wailing for 

Ihm application cUum ibe benefit of U.S. tVovistoesI uptake into cells, the single -stranded material is subject to 

Appto- No. ouY06e\S62. filed Dec 23, 1997. +gj degradation. Because aoixscnsc tmerferracc requires lost the 

r^wBNuewT B ,rim unwdring material accumulate si s relatively high cracea- 

tiOVtKNMtNT RIGHTS tration (at or above the concentration of endogenous 

That invention was made with VS. govenmssm support to mKNA ^ lh> ■ mounl r ** ,oired 19 delivetrd is s major 

under grant numbers GM-377D6. GM-17164. IFD.J3769 comir«iol oo efficacy. As aamsursvoce, much of the effort 

tnd GM-U7231 awarded by the National Institutes of Health. "V'T*' 0 * 1 '* tcch»togyhas been focused on lbs 

The U.S. aoventment has certain riahts to the isvemioa. Pfoductioa of modified nucleic actds that are both stable to 

W " CTOMB n * n ™ 10 " l "^ raM,B * nuclease digestion and able to diffusa readily into cells. The 

BACKGROUND OF THE INVENTION «*• <* snlisenss interference for geos therapy or other 

*' wbosoorgamsm applications has been brnised by the largo 

a- Held of lbs Invention i mounts of nlispoucleotide thai oeed to be symhesiaed bom 

Tbepreaeat invenriuo fulaa«sco gene -specific inbibitiooor non-uarurel analogs, the cost of such synthesis, and the 

gene expression by double-stranded ribonucleic acid difficulty «ven with high donee of inaijsuinmg a sufficiently 

(dsRNAV . coocenirstad and uniform pool of interfering material in 

2. Description of the Related An 20 cat * uoU - 

Targeted inhibuioo of gens expression has been a long- Triple-Helix Approaches to Engfeaeer Interfere nee 
felt oeed in biotechnology sod genetic engineering. 

Although a maior investment of effort has been made tn A second. r i~y*,-A method for engineered interference is 

achieve this goal, s more comprehensive solution to this DMed °° V m * rte oucatic acid structure. This 

problem wss atill needed. 25 a PP ro » CD ««» ■»» rare abiliry of certain nucleic acid 

Classical genetic techniques hsve been used to isolate ^^L^^TJL ^^^t .V"*,. 

mutant organisms with reduced csprcasion of selected ^S^SL^^U^ \"***f 

lunes, AltnoufiJi vaJnsble, such «-.-Htrm^ require laborious obublMiaoded, and rarely if ever form traple- 

rnutaecticsie and screcninu orneramiLare limited m Anio> ? iriQded » bs* been known for some time. 



mul agenesia and scraening programs, are limited id organ* 

* ' " ' ..... .... - ... - .. JO 

under extreme conditions of pH (Lo.. in a~ teal rube X Such 



isms in which genetic maeipeUtion is well established (i.e, » SSTSS.'SlifntS ^SLS^HL^ P*™"*"*™* 
the cxiaaencc of aclcctabfc 'markers, the ahiUty to control Stt * uenoes torB ? • U^teHBxanded molecule in vitro 



iscnettc segregation and sexual renrextoctaouX and are lim- u ~* « P« » » rest rune* sec* 

ae?m .prions in which .Tgt^Sher of cSaHr ^Sr^^ThT^JTX^^ "^^^ 

urganisma can b. sacrificed to bolanftb. desired muution. !Snt^S^ v^J^SS! HHSSLZL ^J? od ^^ c><ig 

Even under these circumstances, classical ncnetic tech. JS a V d * . des *« Dcd to P«duce tnphvetrsnd structures does not 

nkMiea can fail to procfuo. mutations in apecifs? uxnS £~ jncld u»crtcmocs. As web ambense, deirek^enem of triple- 

ofTterent. pardcvlarfy when complex ge^e^pMhwa^E^m I^^^SSS^ "ISS 5° *>™~*°* **» »fcve|. 
iovohmd. Many action, of nUcelar ge»etr»nSui« F^Z?!?* ^ ^ m0 ?^ ^,t * bl • 

the ability to go beyond claaaical genetic screernnglech- ^Tde«£nLs^^ 

niques and efJdcotly produce a direcaed cbsnge in gene «, ^!^^S^J^!^^L "T ^ to 

expression in a spcciilixf group of uctts or organism*. Som* cnoctaBed mn^c for which the n™* 1 ^ of tnple- 

such applications are knowledge-based projects in which it alran » matenal proceeds effectively el physmtogacal pH. 
is of impuriBnoa to undeistand what effects the torn of a Co-Sappreaaaon Phenomena and Their Use to 

specific gene product (or products) will hsve on the behavior Genetic fcnmneerimr 

n f tbccej) «r ojgaetsm Ckh** ^irtwt^ _ a 

<2? «» <9 hM«^rar e iMnpAcoo in which is important to produce 45 A ,tnnl •PP m * cb «> gsne-speciflc interference 9 a act of 
' a population of celts or organisms in which s specific gene operational procedures grouped under ibe name -co- 
product (or products) has hoco reduced or removed. A *appreasjocT. Ttab approach was first described in plants sol 
further clans of applications is therapeutically based in ****** 10 108 «btlity of transgenea in cause sflencfag of an 
which it would be valuable for a mndiooing organism (e g^ vnlinked bm bpmoaog ces gens. More recently, phenomena 
a human) 10 reduce or temove the amount of a specified gene "> »«ndar 10 oo^pnresaioo have been fcportcd in two animals: 



product (or products), Aoother class nf application provides c - ««d Droaophila. Co -suppression was first 
1 model in which s physiological function in s living observed by accideot. with reports coming 



nrgsoism is genetically manipulated to reduce or remove a trsragenes in attempts to achieve ovcr-expressioa 



foduct (or products) wkhout making a per- potentially useful Incus, la some cases the ovcr^sprcaeson 
in the organism's genome. 55 *** woccseful while, in many others, the result was oppo* 

In the lest few yearx advances in nucleic acid chemistry ^^S^t3^^}^S^^^ «««««« pi ante 

and gese transfer have inspired new approaches to engineer ^JJj ^^J^J^T^ % he endogenous gene . 

specific interference with gene expression. These . ™ m ^^ a * n,> hMV% *°. far . **** Proposed for 

.pprusebes are described below tran^ito-medisied co^ppressaoo m plants: aU of these 

^ machamstK: proposals re mam hypothetical, and no definitive 

Use of AoJiseosc Nucleic Acids to Engineer mecbamstic description of the process has been presented. 

toicrfereoce The models that hsve. been proposed to explain 

^ , _ co-Mippresaiofi can he placed in two different catenaries. In 

Anttsense tcchnokigy has been the most commonly one set or propusels. s direct physical interaction at the 

described approach in protocols to achieve geoc-spccjBc ON A- or chroma tin- level between two duTercm chromo- 
interference. Fnr antrsense suatcgiss, stochiomctric amounta ss sumal sites has been hypothesized to occur; an as -wet - 

of sdnde stranded nucleic acid complementary to the rocs. unidentified mechanism would then lead to de novo roeuv* 

r RNA for the gens of interest are introduced into the latino and subsequent suppression of gene txpresakm. 
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AJtcrnairvelr. xmm have postulated an RNA intermediate, 
synthesized ti the transgene bm, which might then ad to 
produce interference with lbs crsJogcuous gene. The char- 
acteristics of the i mcrfcring RNA. as well a (he nature of the 
interference process have not beea determined. Recently, a 
set of expcruscnis with RNA viruses have provided son* 
support for the possibility of RNA iotannediates in the 
interference process. In these experiments, a replication, 
RNA virus a modified to iacJnda a segment from a gene of 



interest. This modified vtras is then tested for its Ability to 



gens expression. Viral-mediated or>«upprcsaion in plants 
•ppcara tot* quite effective, hoi has a number of dnwhscts. 
First, a is out clemr what aspects of ibe viral structure are 
criiacal for the observed interference. Esteosjoo to toother 
systcm would require discovery of a virus io that system 
which would have these properties, and such a ubrary of 
useful viral tgems are not available for many organisms. 
Second, the use of a replicating virus within an organism to 
effect generic changes (e.g.. long- or short-term gene 



interfere with eapressaoo.o f the cndogci 
Wgng wrlfi I BU tfcAdtfiUA ave been eoco 
Sc properucs of iba viral KiXA tS5 are 



interference 
case, would be limited Us plants which 




» of the plans 



to n therapy) requires cximidcrsbly mm monimring an d oyer* sr\ r 1 
ial sigbj for deleterious effects than the use of a defiiBdmuckic <S/ L J 
c9 acid as io the present invention. 



The present invention avoids the disadvantages of the 
previously-described methods for genetic interference. Sev- 
eral advantages of the arcs 



i Bet' 

An tine can Approaches 

The prceeni inveniioo differs from 
interference io both approach and effective i 

mediated genetic tntcrfereoce rncthodi have a major 

knge: delivery to lbs cell interior of specific singk-straoded 
nucleic acid molraiks at a coocentxation that is equal to or 
greater than the concentratioo of end ogen ous mRNA 



in the 1 



SUMMARY OF THE INVENTION 



A process is provided for exhibiting esptesiinn of a target 
gene in a cell. The process enmprnes mtrmssction of RNA 
with partial or fully doubk^trended character into the cell 
or mm the estraoellulsr unvwonmeat. Inhmition re specific in 
thai a nuclflotidn ewrnrnret from a portion, of the target neap /tOk m -f 
Double-sir. nded RNA-rnodiated inhimWhanVdvarrtagei » Z^^J 0 , fr^t^^Z^^^^^^ ^ J 
both in the stability of the material to be delivered ertdlbs csnS^S^^^^^'T^SS? *«• 
amcentratio. reqsired tat effective inhSbiuon. Below, we QSSSHtSll ^SS^J 1 ^^ <3) 

disclose Out m the model organism C rkganz. the present '"owing mfamiiioo of many different typca of target g coo._ x v - - 

invenrion is at least lOO-fold mom^eflkctive than an e^ivs- ^jkA^JSt^^mj- ^* "t^T^f^ f ^|^*^||^^ggC £ j 

inject aoo of purified amiaense RNA * * P ******* in the cell after ntt a cun s ^ n^SoErTSSnau^S jffc ' 
eionX These conmsnson. also dem- ^-particular tarns gene end the doe* of double winded w X 1 < 
onstrate that uhmition by dmibk-Ntranded RNA must occur nsalerut delivered, the procedure may pmvids partial 

by a mechanism distinct from unmeam iraarfemnoa. °°*»pkto loss of function for the targr, 



Distinction Between the Present Invention and 
Tripk-Helis > 

The limited data c 
the revolvement of a stable tripte-etraod mtcrmediaisl 



. or complete kiss of Ail 

or has of gene expression in at kaat 99* of targeted cells 
has been shown. Lower doccs of injected nutrrial *od longer 

m aCTUaurr sbowsimibjamottntanfir --- 
nuUtion of 



^ . , ol^iccumui 
present invention. Tnplc-etraud atructures occur rarely, if at an protein, 
all. under physiological conditions and arc Kwriiwrf to very 

unusual base acqveooe with long runs of purines and pyri- . , _ 

rnkhnes, By cootrast. dsANA^mediased inhibition oSrs ZZ^** "t*^™ 1 ?"*** 

efficiently under pbrsio logical conditions, and occurs with - »f« phoapbau^gar backbone or the nucleoside. The 



The RNA may c 



inhflwtksn at the level 
jransuijoo of Unset Tgj) I 3 

^ r 2 





i Between Present Invention and Co- 
Suppression Approaches 



effective inhiritson. InhMiion is scepnmea-specinc in that 
nucleotide aeqococc* corresponding to lbs duplex region of 
the RNA are targeted for genetic inhibition. RNA containing 

The trarogene-medtated genetic interference phenom- insuuSm, dekooes, and singlo poim mutations relative to 
coon calfad ou^uppnaauua may usdude a wide variety of ,h « ***V* sequence have abo been fbsod to be effective for ^rt* 
tit f ct ^ nt Pnw«s. From the viewpoint of application to inhmition. Thus, sequence tdemityrasy OTjr^aod by gj^ yg. T 2 

» *»Pks region of the RNA may he defined TuncrimaTly ^ 2 

uamgencs in plants Jead to suppression of the endogenous 60 **• nucleotide sequence that is capabk of hybridizing with 
locus and some do not. Resula in C. ettgans and DrosophUa * portion of the target gene transcript . * ~ /±f) C T 

indicale lhat certain transscoes can cause interference (i^.. Ibe cell with the target gens may be derived from or^ 37 

s qatnuui.vc decrease to the -cuvuy of ibe oorrcapondiog coot.iocd in «y orgsmam ( c su pUou animi T &x£*L% . 
codc^us lucus) but that riM^m*rne. do not p^ducc virus, bscterium, oryT ag u ss>RNA rnsv be svmhelW^ £ 3? , 
^ " cflrec ^ Thc Ui * 01 ' P^^*"* ^ fleet la plants, as in vivo or in vitro. toWaouT UNA pnly»nerasa oTTbe «l @ C 1 
SSLftS i"? lM " li ,be <* may mediae transcript** io vivo. ScZ^mApSy. 

simply adding transgeoes to the genome to interfere with meraee can be used for transcription in vivo or in vitnyFor 



other types of or ganisms , the co-suppression phenomenon in rncnt atgoriOims koovro La the art4bd c^trrilanf^ikr U^rrJ^' 
plants is diflScull to extend. A confounding aspect in creating difference between the nucleotide seque ritxa.^(liertttnv«jv (XV 
a general technique based no co^uppresaioo is thai some (be dupks region of the RNA may be defined functionally 
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vrvo ttf an expressioo 

_ " lo transcribe the 

k strand (of Mr arsis). | 
Toe RNA easy be dfiectly iatroduccd into the cell (i-e., 
iotraccUularty): p introdu ced extrsccUularty into a cavuy. 



<8>. 



duccd orally, or may HE talioduccd by bathing an 
ia ■ saluiioo contttrtituj RNA. Methods for oral iriirod action 
rTT\ « include direct mixing of RNA with food of the organises, is 
VS^^wraO as engineered approaches ia which a species that bused 
- * k engineered to expeto ao RNA, tbca fed la ton 
to ha affejaedf Physical methods nf tntmduciog 
tvlinto the cell m 



_ »»nai 

' JBcia ao, 
catiaccllulsr ia_ 

qf uiCTodoci— dnobjcj 



RNA-^y. Panel C: Crabryo from a parent injected wife 
puriAcd me**3B aniietnsn RNA. These cmhryoa aod the 
parent animals rciaia the mes-3 mRNA. although kveunnay 
have been somewhat Icaa thaa wild type. Paael D: Embryo 
s rYom a pareat injected with «wnwa. TBritfr"*** 1 '** ^ » _ 
3D; 00 tnea 3 RNA waa detected. fScalcj cacb ccabryo La *2dS *— ' 
approximately 50 /an ia length. 

C 3 



rtn?F* "5 rrr rr^rr --, , 

COST iT-m ••^c^ rTrrTrrrirri A Zf^ vnnnr - > 

— nr. 



. -g^— doaablc^Irtndcd RNA into cells, tha low 

antratVaa ol RNA Bfijck caaH ieanacd. the stability of 
double -atraotfcd RNA. and tba eSccttVcacaa of the iaMbi- 
iioo> Tha abiGiy te uaa a law concentration of a naturally. 
42h occuninai nucleic acid av oids several disadvantages of 
*W ^eoaa tnaericrenet 



interference, Lripl*-*o*and interference, and 00 
cnyp invention dnea not suffer from being limited to a 
particular act of tergal genu, a particular port km of the 
iTfc taneet acne * ntachaMidc scoacncc. or 1 particular trangrae 
or viral dcitvc/v method Zj npae cca^frjjajhava been a sennas 
obstacle to designing general aaratrgaca aooording to the 
prior art Car inhibiting gene expresaauo of a target gene of 
interest. 

Further nova, g enetic manipulation becomes pomabte ia 
organisms that are not classical genetic models. Breeding 
and sunning programs may be aocclcrated by tha ability to 
rapidly assay tba unnacqaencea of • specific, targeted gees 
disrupt km. Gene disruptions may he used to discover tha 
function of the target gene, to produce disease models is 
which the target gene are involved ia causing or preventing 
a pathological condition, and to produce organiama wuh 



10 fractions in each behavioral class. Embryos io the uaenaa and 
already covered wuh aa eggshell at the rim e of injection 
were nm affected and, thus, are not mctudcdVrogcny cohort 
groups are labeled I for <Mi hoars, 2 for 6-15 hoars, 3 for 
15-27 hou rs, 4 for 17^41 boars, and 15 for 41-56 hours TTuJW f 

Kttitiiftm^fi4Ji^ i ^fTJ|My«^ nr ^ti.-.n r A-^^hi^Mp TF f 

between nnc*22 gene dosage and behavior based on analyses 
of unc-22 het eroi y g o t es and pnh/ploids*^. • 

illCS. 5A-C show examples of gsectac uahabuaoo follow (Si 
I ingrsitno by C e/rjaana of dsRNAs Croea csnrcestng 
bacteria. Panel A General strategy Cor production of dsRNA 
30 by cloning a sce^xsost of iatereat between flanking copies of 
the bacteriophage T7 promoter and transcribing both strands 
nf the segment by transtccting a bacterial strain (BL21/DE3) 



3 



a T7 pnlymersse geoa from ao inducible 
(Lac) promoter. Panel B: A CJKP^rprcauung C Wrgojo 
25 wain. PD4251 (ana HO. 2), fed 00 a native bacteria] boat. 
Paael C: PD4251 animals reared 00 a that of bacteria 
expressing dsRNA ounesponding in tba coding region for 

^ ^ 

jo /^DETAILED DESCRIPTION OF ThT\-, /2Ei* 

lNVt£N IKIN ^ " \Pyj 1 

The present invention provides a eset bo d 
t-spacdlc mhtbahon of geoa c; 

^WACdeHHA)^ 




t 2 



BRIEF DESCRIPTION OF THE DRAWINGS 

9 FIO. I sbownYihe) genes used u» study RNA-mcdiatad 
genetic irdubniutf in C. eiegtmM. Iiartms-nson struct ana Cor 
genca used to teat RNA mediated inhrbiiion are shown 
(exuoa: lilted bnsxa; imrona: npaa hoaea; 5* and T untrana- 

jgi^rtgjons: ahaded: une>22f, unc-Sa 4 ^. ttm I 1 *, aod blh- 

: i"v<~ 

3 show analysis nf inhibitory RNA effects in 
' individoal ceua. Tbeaa capcricBenat were carried out ia a 
^reporter aoaia (ca lled P04251) cameauing two difZercat 
„„_»^— Joucaaar GFP LacZ and milocboodrial 
3FP*Ths mkmgraphs show progeny of injected animals 
ahaed by a floorcacencu nucroscopa) Pane as A (young 
larva). H (adult), and C (adult body wall; high 
^magmAcatioa) rcsulf Grnaa injection of e control RNA (ds- 
f»c22Ai*PatK la l>-F show pmgeny of anknaHJmccted 
Hth dVitfp^^PancU G^dernoowrate pjaeejflcjpafforriala 
._re .ntoctcd w.dt ds^lacZL RNA. which aboiihTmct ibu 
j nuclear but not me mitochondrial reporter causatrucrrPanel H 
shows a typical adtitt, with auclear GFP-LacZ lacking in 
almost all body- wall muscles but retained io vulval muscles. 
Scale bars are 20 arm. 

HGS. 3A-0 show effects of diumle-atranded RNA otv* 
P LwML3 ia levghl " f 1hg caajBpataai 
■pha show in situ hybridization to embryo 
final A Negative control showing lack of stai 
race ol hybndiatana probe. Panel D: Embryo from 
untftjectad parent (normal pattern of codogenooa mea-3 



" for maibitiag esyreaaahn nf a target gene in a cell. Tha 

process comprisea iatrnduatinn of RNA wit h partial or fatly *m ^ _ _ 

douhle-stranrted character imo the cell.^le^aoaTaon O C 2 

«Hoenoc-»pecihc in that a oudcotadc acoaacnua from *rTT~X\ 1- «t 

producing inhibit inn nf gene expression. (2) spotafac to tha 
targeted gene, and (3) general ia allowing inhibition of many 
different types of target gene. 

The target gene may be a gene derived from the cell (i*, 
as a cellular gene), an endog enou s gene (La., a cellular gene 
present in the genocneX a tramgene (ix„ a gene construct 
irtscjesd at an ecmnbr ^«>;ft>»« fleru^ma of ^ ~ ■ 

cornplata loss of lanoaaa rur ine target gene. A reduction or 
toss of gene expression 0 at least V9» nf targeted eclhv has 
been shown. J 

ss Inhibition of gene cxpreaainn refers in the absence (or — 

utnwrvablc decrease) in tb ejevel of gfaae^ andAar mRNA 
product from a target gcae.^pcm&oiy refem to the abtlSyto 
inhabit the target geoa without manifest effects on other 
genes nf the celt The oonscquencca of mhtbitaou can be 
coofirmed by eaaminatioa of the outward properties of the 
cell or organism (as presented below ia the eaampka) or by 



bir^nucal ttxhnkaucssjct! « RNAsnhuion h^hf hll7ili 
(nuclease protection J Northern hybridmatton. reverse 
irarauTiptioeJpoc eiprcssion naonkoriag with a rnicroarray 

aniawxl v^biqdioa. L cnzy ^ t^«-d fTa~f _J 

A), other 

ttCA . c A ^ . activated ccU analyses 

fj PACS l^rxar KWA nuafaatcd mhibmno in a cell line or whole 



j*_ y.r 1 r "vf" 

^ ((ELI SAjTWt stem blottutg, radio uni 
unmuraoassays) and Ruercsesmce 
Far RNA 
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nrganism. gene c sprcsafon ts conveniently Biiycd by u» of 

lay 



_e ge poggff or ctva resistance ceoa wi 



2^ ^ 

syawaae 



able that cAftfer 




be defined functionally aa a nucleotide scoot nee thai ta 
:apabte of hyhnduine, with ** »anjet gem 

Kogmoitn* SkaiS ~~ 
25.50. 100. 20T>,( 



, (followed by 
\uqucouaa may ha at 



ipk selectable markers are av 

Anca to ampicillin, bleomycin, 
cblor am phe incut, gcotamycio, bygromycio, kaaemyesa, 
I {neomycin. rocirKttrcxsts. pboapbiootlukUa, paromycin. 
and tetracycline) 
D e p ending oo iba assay. Quantitation of the aawust of 
allows ooe to determine a degree of tahi- 



fAa dUKluaed herein. 100% sccnicncc identity between tha _ f - % _ 
RNA aad the target gene » out retired io prautioa iba /fri 
present invention. Tboa tha invention baa tba advantage of yc ^ r 



beiog abb to tolcraia aeoaence vahati 
expected daa to genetic muf 

■ J 



C3 



hybridization probe having a aw 
the region need for tba inbmitary 




<E3 



.«(mmmi uwwi vw w wwnaiBD • ■ — [[in os inm- anunai, 

~hscb at greater ibaa IO*. 3Mb, 50*. W*. 95* or 15 may he 

as enmpertd to a veil not treated according to tba • vend 

a tevems^m^ower doaea of injected material and rod b 

r limes after arittn'rrfat ration of deANA may rvsufl ia geaic ft 



evolutionary dive _ 

Tba cell with tba target 
contained in any 
animal/ 



I bat might be 



— iy be derived from or 



r% — of injected malarial and 

ttmea after arlgriirist ration of daAff A may rvsufl in 

jna as a aaaaHcr tract ioo of ceOa (e-g.. a toast 10*. 

20*. 50*. 75*. «*>%. or 95* of tasgcied celts* Quamita- 20 
flop ~* —j^—i— caU caay show stonier imounta 
of inhibitfon at tha tevcf pfY^^ 1 **^ or target mRNA or 
tr inal a Uo o of target pmtsToXSn an e sample, the efficiency of 
inhibition may ha determined by aianataig tha amount of 
gene product in the cell: mRNA may be detected wttb a as 
-* 1 " ---*— 6 " •"— - " caootide acmjenca outside 
dottokHOniaded RNA, or 




nana, virus, orjfu/tginy The plant >C7 i 
tnddatty. and tfaoaa that are pat bo- 



Jade may be detected wiih aa antfeudy 
polypeptide s e nu cae e of dial region.) 

of polymer* 



field crops (eg, 

. , lj£ 5l3^SiUBi 

etabla cropa (e.g.. asparagus, beat, broccoli, cabbaged 
catoifiowcr. {celery, cucumber, eggplant, krtnea, * 
pepper J pota to. (pumpkin, radish, spinach, squash, taro, 
tomato, aad Accbini); Cm it and net cropa (cjl, almond, 
apple, apricot, banana, blackberry; btnebecry, cacao, cherry, 
cmaau^craaberry, data, fajoa, filbert, grape, grapafrait^gX 
gnava. kiwi, lemon, time, mango, melon, nectarine. onrngaT^^ 



wa T M Bit include a 

leaat one of a nitrogen or sdtor 



papayt. paaaaoa thatf, peach, pea ma. pear, pineapple, 
pnuchio. phun. raspberry, strawtoerry. tangarina. walnut, 
and watermelon); and ornamentals (e^» aldac, axa, aapea, 
asalca, birch, hoaarood. camellia, carnation, _ 
^bryaaabemum, elm, fie, ivy, iaaaiae, iuaaaer3 bahAa iatj»oJ 
fKiplAr >pin^ 6^wood t fbudodeodroo. roaaVaLo^BS eV" ^ fj^ 



f* r™->~r jni nini in- 

fvaniOgoai.pig^bneps>udBnt.bamj^ 
ano nuotan; invertebrate ammabi inctod 
worma, drnanphila, and other tnaect a y 



gutnmaL 

rat. primate, 
itorle*. other. 



inan *J 



r i 



cat* 



. . . _ lOOOcni 

material may yield L _ 

alao be useful for 

it • . , 

_ u> the duplaa region of tba 

RNA am laigetad for genetic inhibition. 

RNA oaaiaiaiag a ttucfooude aceptencet tdemical to a 
portion of the target gene arc preferred for inhtoitioo. RNA 
a enneneaa with inacrtiona, dektinna. and single point muta- 
tions relative to tba target acqocacc have alao been found to 
be effective (a w tnhtbittan. Tbna. ac que owe ideoliiy may 
uoub4J Dyuanaaacs compahaon and! alignment algn- 
ana known in tba art <ace Gribakov and Devcreas, 
Seonence Analyaia Primer. Stockton Praam, 1U9I, and refer- 
cited therein) and calcvUiirw dm percent difference 



beteroatom. Modtftcatiooa in RNA atrnctnre may be laiaored 
to altow specific genetic mhfottion while avoidiaa; a general 
panic rcapon a a in aomn organama which n> generated by 
UsRNA. Likewcaa, baaea may be i to block tba 

activity nf adeooaina deaminase. RNA may be produced . luXf ~ Kepreaenuuve sen* 

enxymatacaUy or by partial/total orgaeac ayntbeanv any erac of nemaiodea inchida tb^^^wScTLimmH (TmL 
*«*«o«*«OBdby to vitro easy. •» Aacyloatoma. Aaoaridia. Ascaris. Buaoatomaml 
.vm&eaaa. l Caennrhabdiiia. Capillarta. Cbabertia. Cnoparia, 

r>ictyocauhia, Has mooch um, Hatarakia, Neraatndirua, 
(bsaopbagostomani. Oatertagia. Oxynr is. Paraacaria, 
Stroogylua, Toaaacaria, TricburU. Tricboatroogylua, 
nbebaat m a. Ibaocara. Uncinaria) and those that infect 
plana (e.g^ Bunmpbakmcbua, Otcoocoacila. Duy tench oa, 
Oiiykncbna, Cfobodera, Helicoiylenchna. rleierodcra. 
Loogidorua, Malodoigyoe. Nacohbos, Paratytcncbua, 
Praiytenchaa. Radnpbnlas. Roaclynchaa. Tyknchan, and 
Xipbinema). Rtpreaentaiivc nrdam of insects inchufo 

QS^sl scaring the utget geocTnay be from the germ line 
or somatic, totipotent or plurcpoteot, dividing or nun- 
dividing, parenchyma or epithelium, immortalized or 
transformed, or the likn. The cell may be a stem ceU or a 
differentiated cell CeU types that are diOerennaxed'mctude 
adipocytes, fibroblasts, myoeyica, cardiomyocyiea, 
endothelium, nrnmna, gha, blood cells, megaJuryocytcm, 
lymphocytes, aecropsagca. neat rap bUa, coaioopfaiU, 
basophtU. mast cells, leukocytca. granulocyiaa. 
keratinocytes. chondrocytes, osteoblasts, osteoclasts. 




hetweea lbs nuclaotida sequences 



i leu tali ne tha pence 

.equencesThy, for example, the 

Smith- Waterman algorithm aa urndamentcd in the BbSTFrr 
Mifrware program using default parameters (e.g. University 
of Whconsin Ocnetic Cucsputing CroupUCteatcr than 90* 
100* sequence identity, between 



ce identity or even 100* aequcocf identity, hetween 
. iihnory RNA andftbe no n ion of>be Urgat gena is 
prnfeired^ AileraaMveiy, tba dupka region of tba RNA may 



bepatocytes, and caus nf the endocrine or exocrine glanda. dSV. 
(RNA may be symhesaed either in vivo or in vitm ^3/ 
Endogcoooa RNA polymeraae of the cell may mediate 
transcnplfon in vivo, or cloned RNA ooJy mexase can be used 
for transcription in vtvo or to vitro. For transcrmtina fan a 
transgene in vivo or an ccpressfen gggjn jgn * 
region (e*, pro ^ 
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j acceptor. polyadenylatio$)| 

— — — gMA strand (or <rar^)k£rihtbil k>o may hi tainted by 
specific transcrrpriuo in an organ, tissue, or ecu" type; sifanu* 
ffSgt latino of ao coviruamcataJ uuatEtion (e.g.. infection, areas 
v^v temperature, chemical uabjccrs); aodVor engineering tree- « 
tcripuoa at ■ developmental stage or ago. The RNA strands 
may or may oof ba pofyadeuytaexd; the RNA strands may or 
one^e^tnabjeotis^ 

I'a traaatlataooal apparatus} RNA may be chcrnscatiyf* 
naitcalrv/Ayrahcwed by manual or. automated reac- trt 
Tba RNA may ba ayotESSol Evta «Uular)RNA 10 

I tba references cited therein). If synthesized 15 



10 




cbeentcaUy or by in vitro ensymarJc synthesis, the RNA may 
• t purifii " " 
HA can 



be purified prior 10 iavodecooo man the octl. For •sempW. 
RNA can be purmcd from a 



mixture by extraction with a 
renin, precipitation elertrorjhgreaie, 
an. or a combiamuoo thereof aTtngftUlrvcldj the 20 




dried for gtorassj or dissolved in an aoucoue 
_ r _ T __ . — r- . - rsatta to 



. Tba RNA may ba 

„ ^ , v«1 in ig »« 

/fTSt - snlmlno may contain buB 

and/or aubitoarioa of iha duplex strata , 

tnir»crihriartvte orYlaiprttM^haurMThalarlvTun^ cavity, 
eaersutiai apace^tn ayf tha lanmiafJoo or aa orgjmVss{unro- 
deoed orally, or may ba unreduced by baimaaj ao organism 
ia a solution comainma the RNA. Maiboda for oral iotro- 
auction iochjdc direct mixing of tba RNA with food of the 
organism, as well aa engineered approaches ja which a 
species mat ia ascd as food is cngmeered to en 



f/pf% RNA. then led to the orgaoiam K> be a anted. Fi 
V— the RNA may ba sp ra yed oaaa a plant or a plase may' ba 

genetically engineered to express the RNA to so amount 35 
Mif&csrat to kill some or all of a pathogen knowo to infect 
the plant. PbyaicaJ methods of introducing nucleic acids. Cor 
caarnpte. injection directly into the ccU or cKtracelhtlar 

00 into the organ jam, may also be ascdjWa dmeaoas 

1 that m C Wegaiie, doubW-atranded RNA unreduced 
outside the call inhibits cane expreasnsn, Vascular or 
extra vaoacular circulation, tba blood or lymph system, the 




ibe RNA may be 
^^expzeeacs RNA 60m a 1 

Q£9deced by mtroduxiog the coostroct ioto a zygote, en c 
oaic atom ceil, or another mullipotcnl cell derived lit 



mow and thereby inhibit gene exoreaeiooof a gen 
for maintenance of tha£arcuaoc^cric/himoftgcn*4T 
7b prevent a disease or other pathology, a target gene ma 
bcMlccudwmcbisrconiredfor imtUtiordV miii 
(he daMuaa/pathotdaj.(rreatmaot would include 
tion of any symptom aaaociated with the dine eat or clinical 
indication aaaociated with the pathology. 

A gene derived from any pathogen may be targeted for 
iatubttion. For example, the gens uuvld caaaa urrmaouaup- 
prcxMoo of the host directly or be essential for replication of 
the pathogen, tra mmh sio o of the pathogen, or 1 ' 
of the infection. The inhibitory RNA could be ti 
ceils in vino or ex vivo end then nbsequccsry placed into ao 
animal to affect therapy, or directly treated by ao vivo 
administration. A method of gcoa therapy can be eavauooed. /-r^y 
For example, eelkt at riak for uafecajna, by a pathogen or 
already infected cells, particularly hnman ira m u n ud eh V 
cteocy virus (HIV) tnfecrioua, may be targeted for treatment 
by iiavnductkro of RNA according m the inventioo. The 
target gene might be a pathogen or boat geoa rcnponmibtB for 
entry of a p a tho g en into tea boat, drug metabolism by tba 
pathogen or boat, replication or integration of the pathogen's 
genome, eatabuahntani or spread of aa infection in the boat, 
or aasambry of the next generation of pathogen. Methods of 
prophylaxis prevention or decreased risk of infect ioc-X 
as well as reduction in the frccrseacy or severity of symp- 
toms associated with infect ton. caa be envuudned. ) 

The proeent urventioa coakl be oeed foe treatment or 
development of treatments foe caocamof any tyoa^mclDding 
solid to mom and leukemia a, including: apudoma. 
me" 

(«,*,. Walker, baaal call, 

, . — — „ — -e. ductal, Ehrntm tumor, in situ, 

Krcbe 2, Merkcl cell, mucincuaa, Doaj aeaaU cell lung, oat 
ccU, papillary, scirrhous, broortiiolar, broocbogcnac, snna- 
moua ceO, and tnmaitional cell), hiatatcytic disorders, tea- 
kemia (e g, B cell, mixed cell. euU cell, T cell. TceU 
chronic. HTLV.n>aasociaicdL lyotnbocytae acute, h/otpbo* 
cytic chronic, mast cell, and myeloid), matiocytorua 
malignant, Hodgkin disease, mnrmnooroltfermtiva amatt, 
ooo-Hodgkio lymphoma, plasmacytoma, 
rcttcuJueodotfacliosia, melanoma, cboodroblastoma, 
chondroma, chondrosarooma, ftbroma. nbrosarooma, giant 
cell tumore. faiatiocytome, lipoma, lipoaarcome, 
mesotbelioms, myxoma, myxosarcoma, oatcoma, 
osteosarcoma, Ewtng aarcxana, ayo n vao m a, adenotlhroma, 
a derm lymphoma, carcinosarcoma, chordoma, cranio- 
phsryrtgaama, dyagprmionmn. hamartoma, m eaenc h yrnoma. 



JL 



odontoma, teratoma, tbyn 



a. trophoblastic tumor. 



rsssss si mln^nrarTra^^nncacac" _ 
inpaction **f a aolttlion enntminiw^ the PMA, br^mfbar^trtrM by SQ 
particles c ov er ed by tba RNA, aoaking Use cell or organism 




. in (he art for 

nucleic 7 acids to cells may be ascd, such as lip 
carrier transport, chcmical-rnodiated tranaporl, sock aa cal- 
s—^k c ' um Pboophateu and the like. Tbua tba RNA may ba 
Q*J/ mtrodacad a l o ng with oompo ne ota that perform one or mom « 
of the followias; acrrvitica: enhance RNA uptake by the cell* 
promote annealing of the duplex strands, stabilize the 
annealed .M rands, iir mher>wim incrcaaa inhihirioa of the 
target gene.} 

The present invention may be oaed to introduce RNA into *5 
fa ceil for tba treatment or prevention of disease. For 
H£y example. daRNA may be 



cylindroma, cyatadcancarcihoma, cvstadcooma, grarmkssa 
cell tumor, gyoandrobtaannrss, hepatoma, hkhadcaorna. islet 
ceU tumor. I cydtg oeU tumor, rutpillorna, Senali ceU tumor, 
theca cell tumor, leiomyoma, leaomyoaarcoma. 
myoblastoma, myoma, myosarcoma, rhabdomyoma, 
rhabdomyosarcoma, ependymoma, ganglioneuroma, 
glioma, mcdulloblaneorna, meningioma, neurilemma™ a, 
ocu rob last oma, oca roe pit he 1m wna. Karoflbroma, neuro ma , 
paraganglioma, paraganglioma oonckroma fflo , 
angiokeratoma, aogtolymphoid byperplaaia with 
coelnopbtlie, angioma eclcroeing. angiomatosis, 
glomeogioma, hemangioendothelioma, hemangioma, 
hemangiopericytoma, bemangjrjaarcoma. rymphangjoma, 
lymphangiomynma, lympbangtosarcoma. pine a In ma. 
carcinnsarcoma, crwndroxarcoma, c yxan aa rc m na phyl tadea, 
Gbroeercoma, bemaogiosarcuma. Iciumyoaarcume, 
leukoeercome, lipoaarcome, lymph angiosarcoma, 
myosarcoma, myxoaercoma. ovarian carcinoma, 
rhabdomyosarcoma, sarcoma (e^, Ewug, experimental, 
* otaat ceUK oeoplaama («g« none, hreaat, digea- 
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uve system, colorectal, liver, pancreatic pituitary, testicular, 
tirbital, head and oewk. central ncrvoea nystcm. aonustic, 
pelvic, rcspkatory tract, and urogenital), neurofibromatosis, 
and cervical dysplasia, and fur treatment of other cundiiiuos 
'in which cells have become immortalized fx transformed. 
The inversion could he used in uorubinatioo with other 
ueatraent modalities, such as cbemo therapy, cryotherapy, 
hypcrthertnia. radiation therapy, and the like. 

As disclosed herein, ifaa present invention may is not 
limited to any type of target gene or nucleotide acqsence. 
Out the fo Do wins classes of possible target genes are listed 
for illustrative purposes; developmental gene* (eg- adhe- 
sion molecules, eye I in kinase inhibitors* Wot family 
members. Pas family members, Winged helix family 
members, Has family members. *-y*^:~^»y—p**"h ; r— * and 
their receptors, growib/differentiaiioo factors and their 
receptors, oenmtr«nwnit»er» end their receptors), oncogenes 
(c fcv. ABU, HC1-I. BCIX RCX6, CBFA2. CBU CSFlft, 
ERBA. ERBB. EBRB2. ETSI. ETS1. fcTVd. FOR, FOS. 
FYN. HCR. HRASv JUN, JCKAS. LCX. LYN. MDM2, 
MLU MYB. MYC. MYCLl. MYCN. NRAS, PIM1. PML. • 
RET. SRC. TALI. TCU and YES); tumor auppteasnr genes 
(e.g. AFC. BRCA1. BRCA2, MADH4. MCC. NF1. NFZ, 
ROI. TP53, and WTI)s and enzymes (e.»>. ACC synthases 
sod orirtaHew, ACP desaturasss and hydroxylases* ADP- 
ghtcosc pyiophnfylsMcs, A 1 Pases, alcohol dehydrogenases* : 
amylases, amytuglsemidases, caulases* ceBuIxxes. chsV 
cone syntheses, chitinasc*. cycloosygeoases. 
decarboxylases, deaminases, DNA and RNA polyn 



nematodes which have no effect on plants. Inn mil ion of 
largct gene activity could be used to delay or prevent entry 
into a particular developmental .step (e.g.. metamorphosis), 
if plant disease was associated with a particular stage of the 
pathogen's life cycle. Interactions be twee o pathogens may 
also be modified by the invention to limit crop damage. For 
example, tbs ability of beneficial nematodes to attack their 
harmful prey may be 



I by tahJbttinn of behavior- 

comrolling 

Although pathogens cause disease, soma of the microbes 
interact with their plant host ia a beneficial manner. For 
example, some bacteria are involved in symbiotic relation- 
ships that fix oil rosea end some fungi p r od uc e pbyiobor- 
rooaes. Such beneflcisi mtcracuoas may be promoted by 
using the present invention to inhibit target gene activity in 
the plant and/or tbs microbe. 

Another utility of the present invention could be e method 
of identifying gens njsuataan in an organism comprising the 
use of double s tranded RNA to ioftdbu the activity of a target 
gene of previously unknown function, Instead of the time 
consuming and laborious nidation of mutants by I 
genetic screening, fun ct ional genomics would 
determining the function of uncbsrscterized genes by 
employing the invention to reduce the smonnt and/or alter 
the tuning of target gene activity. The invent km could be 
used in determining potential targets tor pharmaceutics, 
understand trig normal and pathological events associated 
with development, determining signaling pathways rcspoo- 
smas for postnatal development/aging, and the lite. The 



starch synthases, GTPsses, he Meases, bem ice Uul axes, 
in tc grascs. iculinascs, invert axes, ixoencrssce, kinases, 
lactases, lipases, lipoxygenases, lysozymcs, nopalins 
synthases, octopus* synthases, pectin ester axes, peroxidases, 
phosphatases, pbospbolapases. pbnsxmurylescs, phy taxes, 
plant growth regulator aynthases, polygalacturonases, pro- 
teinases and peptidases* pufianaxes, recunabmascs* revcrue M 
transcriptases, RUBISCOs, topomwncrsscs, and sy tansies). 

The present invention coold comprise a method fbr pro- 
ducing plants with reduced susceptibility to climatic injury, 
susceptibility lo insect damage, susceptibility to infection by 
a pathogen, ur * be red fruit ripening citaraclerudics. The 40 
ty be an enzyme, a plant structural protein, 
in pathogeneses, or an enzyme that is 
■tuctkm of a noo-proteusaccous part of the 



and C. 



(ion from gsnoi 

total scquencm fbr the yeast, D. melenogaster. 

elegant genomes* can be coupled with use invc ._ 

determine gens hi net km in en organism (•-*>. nematode). 
The preference of different organism to use particnlar 
c o rtnn s. searching seojuence databases for related gens 
products, correlating the linkage map of genetic traits with 
me physical map bom which tbs nucleotide ssntxenessj are 
derived, and artificial taellinencn methods may be used an 
define putative open reading * 



involved in the production c 
plant (is., a carbohydrate 



or lipid), 
the RNA i 



Hproteuu 
If an 



by a wranoV or strc^mdiacmte; tissue -specific (e.g.. fruit, 
seed, anther, flower, leaf, mntfc or mherwoHa regulalahte 
(e.g., infection, light, tempi Mure, chemical) promoter may 
be used. By inhibiting enzymes at one or more points in a 
metabolic pathway ur genes involved in pathogenesis, the 
effect may he enhanced: each activity will be affected and 
dm effects may be magnified by urge ting multiple different 
components. Metabolism may also he manipulated by inhib- 
iting feedback control la the pathway or proouction of 
unwanted metabolic byproducts. 

The present invent km may be used to reduce crop destruc- 
tion by other plant pathogens such as araebniux, insects, 
nematodes, protozoans, bacteria, or fungi Some such plants 
and their pathogens are listed in lodes of plant Diseases in 



in a plant, transcript km as role of the EST*S gene product. 



to the partial sequence available front an 
tag (EST). Functional alterations in 
Maun, disease resistance, or 
ild be indicative of the norms! 



The caac wkfa wtucb RNA can be artmduced _ 

ccJImrgsunun coot sirring the target gene allows the present 
mvcntioo to be used in high throughput screening (HTS). 
For example, duplex RNA can be produced by an aroptifl- 
50 cation reaction using prirncrx Banking the insensof any gene 
library derived from the target ccUforgeutsm. Inserts may be 
derived (rum genomic UNA or mRNA (eg, cUNA end 
cRNA). Individual clones from the library can be replicated 
and then isolated in arsenate reactions, but preferably the 
if horary ta rrutatained in individual reacts in vessels (e §>, a 
•M-wetl fnacruttaar plate) u> mmnmzs the number uf steps 
required to practice the invention and to allow automation of 
the process. Solutions com aim ng duptcs RNAe that am 
apxbte of inhibiting the different expressed genes can be 



H* U iS&Xt ? SLt ^Tof' A S kU ^J?' Dd ^ k «? 10 - m pUccd io » **viduel wells positioned no . mkroofter plate 
165. I960); Oistnbuttoo of Plant -Parasttsc Nematode Spe- « as an ordered amy, and intact ceas/orusmsms in each well 

cka in Mirth AmcricslSw — ■ - ? u 

Fungi on Plants and Plant Products in the United -States 
(Ansehcan Pby tupa tbukugjcal Society. 1989). Inseuia with 
rctleoed ability to damage crops or improved ability to 
prevent other destructive insects from damaging crops may at 
be produced. Furthermore, some nematodes are vectors of 
plant pathogens, and may be attacked by other beneficial 



can he assayed for any changes ur rrxjdtrteaiious in behavior 
or development due to inhibition of target gene activity, The 
amplified RNA can be fed directly in. injected into, tbe 
evllmrgsnisa containing the large! gene. Alternatively, the 
duplex RNA can be produced by in vivo or ia vitro trao- 
scrmuoa from an expression construct used to prods cc the 
library. The construct can be rephcaisd as individual clones 



<2B> 
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of the library and innacrihed to produce the RNA; each 
done can then be fed to, or injected into, lbs ecu/organism 
corn sirring ihe lergst not. The function of ihe target geos 
can be assayed from the c~~ ~ 
gsoc activity ia 



to small subjects thai cms ba proocsecd in targe 
pne arxbidopsis, bacteria, drosophil*. 
fungi, neoutfodes, viruses, ncbrafish. aod tisane culture celts 



shoots, bark, flout) may be grayed with pesticide, tha anil 
may be snaked with pemicide to acoeaa plant pens growing 
. „ beneath ground kvci. or toe peat may be coot a< -led witb 

c * e 5 lB . u J?» °° ,b » ^organism pouickk directly. If pots internet with each other, lbs RNA 
s may be transmitted between them. Alternatively, if irjhrbt- 
tioo of the target gene results in a beneficial effort on plant 
growth or develop mem* the aforementioned RNA. expres- 
sion construct, or tranafected organiam may be cnoxidered a 
nutritional agent, la either case, genetic engineering of tha 
A nematode or other organism thai produces a plant is not required to achieve the objectives of the inven- 
colorimetric, Bnorogesic, or tumiraucent signal m response tion. 

to a regulated promoier <»-g^ transacted wiib a reporter Alternative ry. an omsotsm may be encioccrcd to modece 

gemconsmjet) can be assayed in an HTS format to identify dsRNA which prodeces commercially oTnwxfeslty ^amrj- 
DNA-hinding protons trial reguUre the promoter. In ihe foTctumtpnt. resistance to a pathogen or Us 

aasey-s ajmplanf form, mh^ion <rf a negat^ regulator pathogenic eUccte, ioiprovcd growth, or novel de^Oopnacn- 
rusulia hi an increase of the «tgnsl and mbsbtfane of a >* Jal patwma. 

positive regulator resuHn in a decrease of the signal. /T\ . . —.j-ta- _ mit .^ -t . r , -.j .mt-iiLx. ~r 

If a cbaracleriatac of an ornoJaoi is determined to be ^ " P ca *™V? 1 wtmlMnm ot 

M - . f*** Ui . c ^"'^ . m ^RFlJorQjX ^preaeot invention maybe dcMvemd to the end user to dry 

to gale insight 



0y linked to a porymorptnsm t! 
analyses, the present ioventkio can be 
regarding whether rhal genetic potymorphiam might ba 
directly trsponsihat fee the characteristic. Par c sample, a 



fragment defining the genetic polymorphism or sequences ia 
the vicinity of such a genetic polymorph uwo can be ampti* 



or lasueJ form: for example, as a dust, granulate, 
paste, solution, cooccmrate. suspension, or encapsulation, 
instructions to safe and errecove ess may also ba provided 
with the formulation. The formulation might be used 
directly, but concentrates would require dilution by mixing 

-4 ^ ~±. rm mm osa I +^ H«-ti. DMA ™ k- fjiL^jj w * q *** ejrtender provided by the formula lor or the cod user. 

Itlr^inaa^^ SuutSS! Similarly. as entutsion. paste, or susnension may require the 



tsnenusly or neparatery with other 



^ a«Lr?Lr.J^^L°J «T;2t E! Mctho * of n»Iication ioclede dusting, scatterieg or 

IMF 0 "** S ™ «^J r * d » pouring, soaking, aceaying. atomazing. and coatirsa. The 

baity at only P«£— Ur stages of dM ^^^p^^c^ ^ cbem^d^npo^ lbs 

Da JO axtmcnta r _7he rvu**xxiaJ CM«valcnl ronnulalion.^od its method of appNcatro^ wouldr^ chosen 



cation. The formutiiion may include s combination of 

V»«^^"tehMw^r77aVZIZZ comical addioves known In the art such as solid earners, 

• °f f**^ ^essrnpie. mnshnio n of the tsrget o^oerahv aoivtua, disnersanra, serf act ants. emsbuAem. 

hmahty. ummnico , nf 0» u njet gene mayoot ^^.S^aar adJirv^SrirvtSSrS 

^rSTeirtaMe^S^ 30 «*WK»««ay «t»o be added lotos fomm lesion m faciUlaic 

unset gene, or tha target ^T^S^tSS^ *" ^^^^^^^^ 

lbs present irivenrioe may be eeefttl in allowing the 
inhmekw of essential ~ 
ceil or organism visbi 

y^S^^^T^^Z^^t^SSSl ~ ****** ° r wWcatioa, wouid be chose* 

of coomuonal mutatauos may bo pioonced by mb ibtt ing m promote the obasctrvee of the 

activity of the target gene when or where it ia oot required y^ t b prevailing c Suastsno 

for viabiltty. Tha invention allows addition of RNA at uansmctad boats capable of replica 

specific times of development and locations in (he organism the raasaflencs and/or spread of the 

withoet mtrodncmg pernasnem mutatioos into the tsrget *o ^ 

6 enoma - ^ . m . m Description of lbs d*JU4A Irsbfekion 

If mlicmtlrrx apbcLffg pradocad ■ Tamily of irarracripta thai in C rAfgnm T 

were dratingniahed by usage of charscaaraaie esoen, the * 
present invcotioo csn target bxbabition through the appro- lbs operation of the present 

priate canoe to sncuQcslly inhabit or to distinguish amuog as 

the functaons of family rrwmbere. For example, a brarmooe Introduction of RNA into 

tbst contained an attereatrvely spliced traosmembrane bkitogical systems to interfere 

domain may be c vprr s ta rt in both membrane bound and cooua &ac u3 . Many such ef&cta fgiw^ beiasvwTto" 
accreted forms. Instcsd of isolsting s norrnrns e mutation that from s simple sotutense saechsruace^eperadem on bvbrid- 
term mates tr era datJon before tha trarrsrswmbrene domain, the w uatioo hcrween uoected aingb:<annded RNA 
functional oun aw anences of having only secreted hormone 
csn be tleterminad acvording to ihs invention by targeting 
the csun uorttatning the transmembrsne dtunaio and thereby 
uthanTing capreesion of rrwrnbrene-bouod burntone. 

The present invention may bn used alone or as s compo- 
nent of s kit having at least one ot the reagenta necessary to 
csrry out ihe aa vilro or in vivo imroductioo of RNA to test 
samples or subjects Preferred components are the dsRNA 
sod a vehicle that promotes introduction of the dsRNA. Sexh 
a kit may also include instructions to allow a seer of the kit 
to practice the invention. to 

femicides may include ihe RNA molecule itself, an 
expression construct . capable nf expressing the RNA, or 
organisms transfectud wjih the expression uuoslruct. The 

pvstictdu of the present invcotioo may serve as ao ^ _ 

arechnicide. u ts ect i cid s, rtemaiidde, viricsde, bactrmcidB. eS caser^'iaimrem others, and no abiKiy to design interference 
and/or fuogicido • For eaampta. plant parts I bal are aoccsaibla psrxocols with a high chance of success vSrfcing with C 
above ground (eg.. Oowers, fruits, buds, leaves, seeds, efegara, we discovered an RNA structure that would give 




:noas transcripts, u mher<MSss^a^ 
nam bad been suggested. -^'^^^ 
mechanism was) RNA in 
the oeoaatoda C *i*gm(HNA _ 
of studies to manipnlate gene ex 

, of the critical rcnuuemcuta for Loterfcnog 
RNA led to a sporadic record of failure and partial success 
in attemps to extend RNAi beyond lbs esrlieat stages 
following injection. A sutement rrequcniry made sa (be 
Uieratsre was thai sense and aruiwrsw RNA prepsratanna am 
each sufficient to cause interference 3 '*. lbs only precedent 
for s uch j si j ustion wus in ganta where »bn procarw of < 
a srmtlar hrstury of usefulness m'essruin ^ * 
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effective and uniform genetic inhibition. The prior art did 
mu toscjhot sajttgjt that RWA wuctnrc win a critical feature 
for utbtouiooof gene vspresaiua. Indeed the ability ol^-rude) 
**am and antiacne* preparations to produce imc/fcreous 3,4 
had been take* aa ao indication thai RWA structure was not 3 
a critical fador Instead, lbs extensive plant literature and 
nmcn of the ongoing, research is C ctcgam waa focused ue 
iba pcnsmility tbal detailed features of tba target gene 
s c t nm nc s or ill chwnosomal locale wan the critical feature 
for interfering wi th gena express***. ^ 
line mvttntnrajore falrr ourifiooLscose or antiacpts RWA ' 

MMf ^ White the auk sense and antcavnae preparation* had strong 

was unexpected because many 
biology are based on tba aiaaeapuoa 
with specific in vitro promoters (e 
m\ or with characicrisad pi 



were sufficient to allow complete inhibition. A long interval 
(> I hoar) between sequential injection* ttf sense and anti- 
Ncnac RWA resulted in a dramatic decrease in inhibitory 
activity. Tba auggcatB that injected single strands may he 
degr aded or otherwise rendered aaccassnae in the absence 
uf the complementary strand. 

Aa issue of specincity arises when considering known 
cv Outer respoosas to daRNA. Some organisms have 
dsRNA-dcpcndent protein kinase 
response mechanism 10 Conceivibry 
a mil n am synergy could reflect 
a rn rare st effects by such a pai 
GfiSD* be the can 
unrelated lo uoc-22 did not 



ivity. This 
in molecular 1 
that RWA produced 
U T3 or T7 RWA 

is. 




o „ (?T¥7b< 



a, or with characterised promoajgm in vivo, is 

frqm i mm* 5583*5 wuEi 

ror^pta-rfkstirwfgrf iheae crude prepereatonejlo 
^cih/rji^^aU fractkei^ of the RWA had ao 

"<wrwi &aciic re2buaoa-*To ngoru! 



wheth er dnublsHtfraadsd structure 

grj^ctivity when placed in cia to a swght-etmaded segment 
Wo mch pntemiattna was seen; onrclalcd dnohat-stramJad 
located ? or J* erf a yng|te^uj»djed unc-22 



r * unserved ^cnciic ]nhlinuoa-*To rigorously best whether 

0 double i branded charac ter might contribute to genetic 
vu "inhWts»4E^TO^^»rned oai add u to oaJ purine at ion of 
c-atrandad RWAsand compared iohabiaory activities of 




with that of the double-atrandcd hybrid, 
The following examples are meant lo be illustrative uf the 

of the invention is 
limited or restricted in any way by them. 




><fH2 



The pbeaoiypa produced by uoc-22 daRNA was specific. 
Progeny of injected animals exhibited behavior ind' " 
euishahl c from characteristic uoc-22 lose of fan 
^ :ifkity of oaAN^crfecu , ' ™ 



** yr-m 

mutants. "Target 

additional genes with well characterised pbeootypea (FlO. I 
and Table 1). unc-54 encodes a body wall muscle myosin 
heavy chain iaoforaj required Cor fell muscle contraction*' 
u.ia, tern- 1 encodes an anlryrtn-rcpeet cnouinioat protein 
required ba h e rm aphrodites for sperm production""''*, and 
hlh-1 encodes e C. efcgsvtt bomnlog of the myoD family 
required for proper body shape ami motility* For each of 
mess genes, injection of daRNA produced progeny broods 
cahabmng the known nod mutant pecoctype. while iba 
purified single straoos produced no ajgajfleaal reduction in 
^» «pwwuO; With one execsmoo, all of the pfae isotypic 

" from 



(a 



of dsRWA injection were those expected 
of the corresponding gene. The excei 
gmem unc54C. which led to aa embryonic and larval 



^Analyses of RWA-Mediued InhmMion or C. * tegmuj 

fiat initial comparisons uf 
■diviiy as a result of n te va uu s genetic analysis that yields s 
ssmi-quantitaiive comparison betweea unc-22 gene activity 
and the movement phenotypes of animals**: decreases in 
activity produce an increasingly severe twitching phenotype. 
while compacts loss of function results in the additional 
appearance of muscat structural defects and impaired morU- ao 
try. uoc-22 encodes as abundant but ooo-csacntial myofila- 
ment protein**, unc-22 mRNA is present at several thou- 
sand occurs per striated muscle cell*. (ihcfaoTfVny oToiaar mgnty rented myosin _ 

aL,* 742 °* This imerpmtalaoo wuukf support tmes uf the 

present invention In which nacJeutide sequence uornsaritoa 
of dsRWA and target geoe show less than 100% identity. Tba 
uncSeC segment has been euaaoe in our overafl exscnence 
to dsn: effects uf 18 other daRWA aegmeant have all been 
activity (FIG. 4). The miature was at least two orders of limited to those expected from characterised nail mutants. 

" tm> effucuvujhsn cither stosJe strand In faihjp- so The strong phenotypes seen fallowing daRWA injection 

am indicative of inhibitory effects occurring in a high 



LC7 




gene 



ore eeTecUvu than cither aioeJe strand In irthjp- , 
ixpressioa. tue toweet ooae or tne nnseS * 
Are tested, approximately 60,000 molecuicso? 



fraction of cells. The unc-54 and hsVI muse la phenotypes. 
in oarticelac. are known to result from e large number of 



di 

dsAWA m 

^ ^ |hB f nclkm or fhiceeaeeei alls 

fioen the 



each strand par adult, led to twitching pbcontypes in an 
average of KaJ progeny, unc-22 expression begias in 
embryos with approximately 540 celhv At this potnt. the 
rigtnal injected material would he diluted to at most a few 
totecolea per cell. 

The potent inhibitory activity of the rrratrfjpmtirnsf duced dramatic 

mixture would reflect formation of double -stranded UNA (FIG. 2\ Both _ 

(daRWA), or conceivably some alternate synergy between _ negative cells, while the few nratitfve celU izenerairy 

the siraods. Elect ropboretic anatysie indicated that the 40 expressed hoth UFP forms. 

injected material was predominantly doable stranded. The The pattern of mosaic iam ohscrvod withufeinmbttmn 

dsANA was gel purified from the annealed mixture and waa not random. At low dnsca of daRW. 

found to rvtaia pntem inhibitory activity. Although anneal- I request in him kid m (be c osVyooica D y-denved muscle 

ing prior to injection was compel abb with inhibition, it was eclb preseoi wheo the animal hatched The inhibitory effect 

not necessary. Mixing of sense and anirseoac RWAs in low at in these differentiated cells persisted ibrousii larva! ojowth- 

saU (under conditions of minimal dsRWA formal inn), or these cells produced liitte or no additional GFP as the 

rapid sequential injectioo of sense and aotujeme sirudh, afTected animals grew. The 14 pcniemhryocicaUyHfcrfved 



C I 



r *i -Bit 
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striated rmwcbi are horn during early larval atages and were 
k mtaun id inhtbiikm. Thsas cells haw coma through 



_ as noted>a virtually all striated bodywaJl on 
with occasion* I single escaping cells including cells bora in 
e mbr y on ic or poatcmbryocaC stages, Tha nonstriatnd vulval 
muscles, bona during lata larval davelopsacnl, appeared 
resetters m genetic mrsbbirm at all tested concentrations of 
injected RNA 11m latter result is important for evaluating 
the use of the postal iavcouoo is other systems First, it 
indicates that failure in one set of cells from an organism 



Wh 

to thai organism. Second, il is irt 
resfam that ant ail t banes in the organism oced to be affected 
for the invention a> be used in as organism This may serve 




nation pathway. Null mutations prevent the rtmdscliun 
*oenn and kad cuploeJ (XX) animals 10 develop as females, 
whils wild type XX animals develop as hermaphrodites. 
When wild -type animals wen fed bacteria expressing 
dsRNA corresponding to fem-l, a fraction (43%) exhibit a 
sperm-less (female) phenoryps and wen sterile. Finally, the 
ability to inhibit gens expression of s traasgcos target 1 
assessed. When animals carrying s gfp uansgsns were fed 
bacteria expressing dxKNA corresponding to the gfp 
reporter, an obvious decrease ia the overaU level of GFP 
HucecsuLuou was observed, agsin is approximately L2% of 
the population (ace FIG. 5, panels B and Q. 

The effects of tfaeas ingested RNAs wens speeiflc. Bsc 
tenia carrying different dsANAs from fcm-i and gfp pro- 
duced no twitching, uaRNAs from unc-22 and Cero-1 dsf not 
ncdnoe gfp expression, and dsRNAs 6ms gfp and unc-22 dad 
not produos females. These inhibitory effects wtn apper* 



endy mediated by dsRNA: bacteria expressing only the 
sense or antisenss strand far either gfp or unc-22 mused so 
evident pheootypic effects oo their C ef*g*m predators. 



( Table 1% Although oonsasssnt with paesabfa mis- 
hit ion si s post-trauacriptinnal level, these experiments do 
not rule out inhabitioo st the level of the gens. 
jniecuon ajW 

the level of the e n dog en ous mJW A transcript (FIO. 3). Here. 




of batting, C rfrgans m 
_ dsRNA, Larvae were bathed for 24 
of the indicated dsRNAs(t mg/knl). then 
to recover in normal media and allowed to grow 
under stsndaid conditions for two days. The unc-22 daRN A 
dramatic decrease in 39 w *» segment ds-uoc22A from FIO. I. pus- 1 and mat-3 
dsRNAs were from the faO tengtb cONA clones, pos-1 
. ipt that is abundant in d* gonad and eady encodes an essential maternally provided compoocoi 

emhrvM^TwM mwr *- 1 } "^ff attajghtfbrwswj in sits required carry in eettbyoansneaas. Mmauoos removing pos-1 
hybridisation can be pwaoiincdy No endogenous uses- 3 activuy have an early ensbryome arrest characteristic of 
mRNA was observed in anema ht jnmtaal yp*** a dsRNA » skn-u*e mnutioas J -*. Cloning and activity pane ma for 
fl. 3PV, Wjmjecuoo of | U1V « deacribed" C rtegans *rp-3 mutsnts have 

the col- 1 collagen gene* 1 . Phenotypes of 




a la are noted. Inctdcoces of clear phenotypic 
effects is these cxperimeojs were 5-10% for unc-22. 50% 
ability to cross cellular boundaries. Infection of dsRNA for 33 PP*"^ **J™ These am fraquenciea of 

unc-22. gfp. or lacZioto the body mvity of the head or tad unsmhiajtous ptaoocoptes, other trusted animals may have 
produced a specific and robust inhibition of gene expression bad mu ** 1 ostaas corresponding to the target gens that 
* the progeny brood (Tahla 2). Inhibition wm seen is the were oot crjeervab ki Each trcarmem was fully gene-apeoinc 
9gcoy ofboth gonad arras, ruling out a transient -okkiug- 10 ^^F' 22 dsMN A produced ooly Unc-22 phenotypes, 
af tha gonad in these m)cctiuus dsRNA injected into body «o ^if™** prodtioad only Poa-l phenotypes, and sqt-3 
cavity ts epnad of young adults iau pruduued gcoe-apeciuc d * RNA pradnced only Sqt-3 p hcJ KS ypu a . 
nhintioa io aomatic tissues of the injected animal (Table Z>. Some of the results described herein were published after 

flabm 3 shows that C. eiegmms can respond in s ma ss. *"* Min * of om provisional application, lhnae publications 
specafec manner to dsRNAcncoontered in the environment. and * review can be ciad as Ftm. A^ ct aL Nature. 391. 
Bacteria an . natural food aource for C. elegant. Tarn ^ ^ 8lA -J 9 ??i Timmons. L A Fisu. A Nature. 39S. 834. 
bacteria are ingested, ground Is tha animal's pharyns. and i?**. lod . /^l*???* 7 ***- ^ * Fire « ^ Ticnds in 
(be bacterial cooaeobj taken up an the gut. The results show CewUcav 14. 233-258. 1990. ) 
that £. co/J bacteria es^casing dsHNAs can cx>ui*t ^cocalic The cftccte ocacribed herein signUlcamly 

tnhsboofy c&tct* oo C. *t*&uu oemaiode Uxv M thai feed on able toohl for atudying gene (uocuoo in C * 
them. organisms. In particular; fun 

rgans genes were arudyzed. For each gene. 50 1 ***** number 

dsftNA wm expressed tn £. cnG by inserting 
the uoding region into a piasmid cooauuet 
designod for bWrectiooal tmsscriptino by hatcoariophage T7 
RNA polymerase. The dsftNA aegmems used for these 
cxpezimenU) were the asms as those used in previous micro- 55 
tojectioo experiments (see FIG. IX The effects resulting 
from (ceding them rracseria to C elegatu were c ompar e d to 
the effects achieved by microinjecting animals with dsRNA. 

The C. elegant gens unc-22 encodes so abundant muscle 
fiisoaeet protein, unc-22 null mutations produce a charac- 
teristic and uniform twitching phenorype ie which the am - 
mats can sustain only transient muscle contraction. When 
wild-type aoknab> were fed bacteria expressing a dsRNA 
segmem from unc-22. a high fraction (h\S%) exhibited s 
weak but still distinct twitching pbeootype characteristic of <5 
partial toss of function for the unc-22 gene. The C. elegant 
|/em- 1 gene encodes s lsls component of the see deuran- 




a fleet the design of . 
sirm. For exsmp»e.'(£j£ 



functaoo have been defined. Several of 
sopetties of dsRNA that may 
for iMmxikm o f »rwjnyre*- 



nscleotide sequence shared between several myosin genes 
may inhibit gene riprrssion or several members of a relaxed 
gene family. J* 



MelhodsfofjltNA Syothesis and MicromjeotS 



(t£W. 1« 3 



RNA wm symhcsuEcd from phage mid clones with T3 and 
17 RNA polymerase*. fo flowed by template removal with 
two sequential UNase treatments. In cases where sense, 
sntiacnae, and mixed RNA populations were to be 
compared. RNAs were run hex purified by cbu rap bo resiaoo 
Iow-^e Uing-tc mpexxtsre agarose. Oel-psriflcd products 
to lack many of the minor hands seen in the 
* preparations Nomtfaelcsa, 
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RNA snecka accounting for tern than 10% of pur ified RN A 
preparations would not have been observed. Without gel 

ihm^i »iagaicint^a5aB^ rnaT^ggg E^ activity w *» 

reduced or cumkuMd upoo gel puriScauonT By contrast, 
sen— ♦anlwrn— mixrurea of gal purified and non-gel- 
purified RNA preparations produced identical effect*. 

6K* C to 



carried out in mjcctiou buffer 37 tl 37* C. for lO- 
Fumuliaa of predominantly double stranded a 



20 

ity is ofaerved among progeny. First, there a a short 
"clearance" interval in which unaffected progeny are pro* 
liiMxxL These include impermeable fertilized egge present at 
the tune of injection. Alter ids Hirtrtmr period, individuals 
are pfodaced which snow rbe inhibitory pnenotype. After 
injected animals bavo produced eggs for several days, 
gonads can in so ate cases "W to produce incompletely 
a tract cd or pheootypicaily oormai progeny. ^ O^j) 



tmuca ^Additional ftescriplion of the Remits 

U was 10 ( F1C1. 1 shown apnea used to «udy RNA-mediaied 
(oob- in hJhttinn in C. W#jr*m. Imron-cson structure for gen 



to test llNA-medistnd hihmition are shown (exoos: h0cc9 
buses; mtiuae: opus boxes; 5* and 3* uctrsoaJrtcd rcponsa 

r/unc*22'\ ™ 



i of predominanlly double stranded malerisl 

confirmed by I est tog migration on s standard (i 

dena raring) agarose gal: for esc* RNA pair, gel mobility was 
shifted to that canceled for dcubk-erraoded UNA of the 

appropriate length. Co-incubation tat the two <urand» in a — _ , .. . . 

low-salt buffer (5 oM Tris-HCl pH 73. 0.S nM fcOTA) wan tJ 54 J2 , fcnvl J \ and btb- 1 •*). Tbcee 
_ wsnJBckoJ for visible formation of denrnk-soaaaded RNA in ok (1) a deflned molecular structure, (2) classical genetic 
> Mg> afaa-.ewrabsd sgrjss^anjjsr^Rl^Aa «~ — — ' daia ^ " ' 

~ ~~ i by a single letter (e-g.. ancZ2C). Segments 

20 derived from genomic ONA 



1 for .aaattlory ^gpcfta ad found to be t 
: active than the mdhridbal single strands* but 3-4 fold 
teas active than cojuivaJent prc-anncated preparations, 

After prc-ennsahog of the aingfn atranda for une22A. the 
single ckcirapboretic species corresponding in aire to that 
capected for daRNA was perilled using, two rounds of gel 
electrophoresis. This malerisl retained a high degree of 
inhmbury activity. 

Except where noted, ioyectino miaca were constructed so 
tmmak would receive an average of OJSkIO* to 1 0*10* 
mulectuen of RN A. Fnrrnmrn ri en m of senna, urt ni na n, end 
daRNA activities, infections were wmparod with equal 
masses of RNA (i.e.. dsRNA at bill the molar cooccnuation 
of the single strands). Nuashera of rnoleculcs injected per 
sduh are given aa rough approzanationa based on conccn* 
vauoo of RNA in the injected material (estimated from 
ethidium bromide Gaining) and i ejection vohune (estimated 
rmm visible displacement at the site of injection^ A vari- 
ability of several-fold In injection volume between indi- 
vidual annuals is possible; however, such variability would 
not affect any of the ccmrjustnsn drawn herein. 



\ derived from cUNA are shown below the gene. 
The consequences of injecting dcubk-sirendcd RNA seg- 
mennifbroachof these gene* ndesc-ribadmTabto 1. dsRNA 
scqiKoccs from the coding region of each gene 
p henmyns resssabfinh the null phcagrype far tt 



p bcnotyna raijsjfrlina ibe nu 

islb^mr i, panada A-W/f 
out m a reporter strain (cal 



jddjyjdaal 



oclbe^HO. Z, panels A— HFTbase espcrinicnta were carried 
out m a reporter strain (caned PD4251) capnoeeog two 
different repoctei proteins: nuclear GFP-LecZ and mito- 
chondrial GFP, both expressed in body nruaefn. The fluo- 
rescent nature of these reporter proteins allowed us to 
examine individual ceUa under the fbroreecei 

oegative control. GFF 



injected animals was not gBgggHEsP ' 
p ruftcoy^tppc tq^fuian ileal to tat > parent strain." 



kral to the parent sruo. wim proati- 



f Mtibul. r«>\iulr» of 



in nuclei (the nuclear GFP- 
mitocbondris (the mttocboodrially tarneted 
larvn ? f 10 2AI adjjb <Hfl. lBVan^SS 




in over U3* of the cells. 
(FIO. 2D • bows a larva with 




inhibition of endogenous genes was generally assayed In 
a wild type genetic bacfuyound (N2> Feaouxs analysed 
included movement, feeding, hatching, body shape, sexual 
ideality, and fertibsy. lnhibhiou with gfpr T and lacZ activhy 
was Bsa eaaed using strain PD4251. This strata is s stable as 
transgenic sua in containing an integrated array (ccla4251) 81 budy wall 
made ep of three plaanuds: nSAK4(myo-3 promoter driving 
mitochondrial urgeted GFS\ pSAJQ (rnyo-3 promoter 
driving a nuclear targeted OFP-LscZ fusion)* and a dpy-20 
Msxrlooe 2- as a selectable marker. This strain produces OFF M 
in all body moscka. with a cornbt nation of mrtnebondrial 

clll*^^m«u!i^u^^ SraOT.ffeet the nuclear bnl not the mnnrdinndna I reporter 

caadydwugutthed us these ce^ aUnwing a facile disnnr> ennstmct. In the animals derived from this injection, 
.ion .between cclla expressing both, euber. or ne.iher of the mitochondrials argcted OFF loceared anaffrr frrl rrhih the 

Gonadal injection was performed by inacntng the micro- " jTarva la Ffo, ^ :^^««-*^^a^*^--- 
injection needhs into the gonadal ayncitium of adults and *in almost all DOflV-w-aii fstnciex ivii ^^^dm^^nn'm 
expeDing JO- LOO pi of solution (sec Reference 25). Body v ulval muscksftFlof IWlScaie Darnlur Ptd. Tare M — " 
cavity mjeaions followed a similar procedure, with needle djoejeffceo of douW^rrsnrJeel TTO 
insertion into regions of the bead and Uil beyond the mex-3 on kvcts of the endogenous mRf 
positions or the two gonad anna. Injection into the cyio- 60 situ hybridiutioo to embryos (FIG. 3, 
plaam of intestinal eelk was another effective means of RNA 1262 et mex-3 cUNA clooe^ 0 was divided Into two 
delivery, and may be the least disruptive to the animal After segments. mex 3A and mex3B with a short (323 nt) overlap 
recovery and transfer to standard solid media, injected Similar results were obtained m experimeauwiihra>ovcrUn 
animals were usnsTerred to fresh culture pUtea at id hour between inhibiting and probe se gments mex-JB antisenac 
intervals. Tbia yields a series of sccm^-syncbronouso3borts in 05 or dsRNA was injected i nto the gonads of adult aaimala. 
which it waa straightforward tn identify phenntypac differ- which "^ tJS ~ 




wtj try in 
panels A-O) j4mT 



24 hours be 



'am^and^in 



situ hybridization 




t 3 <gr^o G&Jh 




Best Available Copy 



<5> 



US 6,506,559 Dl 



*-*cn< 



21 



Reference 5). The ma*>3B cfoRNA produced 100% embry- 
onic vmt. while >90% uf c m t ny oa from lbs ■ rune me 
injections hatched. Aouacnsc prates cortcapoaLHng tu aui> 
3 A were used to agw dhiriburioe oj jhg e ndog en ous rncs>3 
mftNA(d*rk M*ifl>. Fa " 

cej 



in the ecnrUuna < 
(HO* JA). 




wcw orjecrverf 1 to # 

t of injected tdrntuT Tbe rKgstS 

S i3SSB5 probe) sno w ed a Is 



negative c«dM (U 
ec« of suioia 



of eafcvMi mcs4 wKfiFlO. 3B) 
-3 UN A 

i* Reference 30. tajcctkM of purified race>3B ami 
RMA pnadnced it most a modest effect: the 
embryos retained tnex-3 mRNA. allPPttgh level* may 
bee* somewhat less then wild type (FIG. JC% la 
mss-3 SNA was delected in embryoa 




anprowrmaiefy 50 a— is 



" ' /punjctare and ccmccnsraiioo 39 
UNA from uac23A 




i labeled 2V 

UaoBBBi lifctjaj 11 taj ML* 

(1st iojwt iiei Progeny grown to i 



is lack growth 
examined to (15 mot Icvamisote. The main graph indicates 
fractions in each behavioral dan s Embryos io lbs otcnm and M 
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<Mtf 451 mm wild ijp»(inn*) 

* wo* typt (ioo*» 

MM ♦ SftttMOM pMlwi (100%]^ 
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Legend of Tab** 1 caie partial inhibition of uoc-54 ictiviiy in valval muscles. 

mt^,^ A T55?^ i ^^ l i.^^^i ll ^ ,e * ** Animals from latw brood* frequently c.hibet a daunt* 

0.5-lxltI* molecules into each gonad arm). After 4-6 noun partUl kaavof^ioctioa pbenotype. wiih oonaroculiry to a 

(tn clear pre-fertilKcd eggs from the ulema) injected animals LjL., -V^I™! f-«.-Zr^ awureciuuy to a 

were iranafermJ and c«gs Elected fiir 20-22 hour*. Prog- ° f body W * U mu>cte *- 
crry pbeootype* wrie soured upon hatching and nubew- 

uucetly al 12-24 hour interval* e: Pbeootype* of hlh*l tnhabiiory UNA include arrested 

a: lb ttbtain a Hemi-quamiiaitve asscssmi ej of the re la- *° emhryos and partially elongated Ll larva* (the blh-1 null 

tiomhip between KNA dost and phenotypic response, we pbeootype) seen in virtually all progeny from injection of 

injected each unc22A RNA preparation at a series of differ* ds-hlhlA and about half of the affected animals from 

cnt concentrations. Al the highest doss tested (3.6x1 o* ds-hlbl B and dvhm I C)aod a set of less severe defects (seen 

molecules per gonad), ihe individual sense and ambenss with the remainder of the animals from d*-hthiB and 

unc22A preparations produced some visible twitching (1% 55 ds-hlhlQ. The less severe pbenutypes are characteristic of 

and 11% of progeny respectively). Comparable doses of partial loss of function for hJb-1. 
ds-uou22A ANA produced visible twitching in all progeny, 

while a 120-fold lower dose of ds-unc22A RNA produced , ^- , , r ... 

visible .witching in 30% of progeny. ^ Jl^L"™"?'"' ^^"ES"" 

b: unc22C TSo carries the ingoing imroo (43 nt). » »»»ochmtdrial GFP and nuclear ^FP LacX Tut. .Uows 

c;. fernlA abo carries a portion 1131 a «Vnf i^w, i«, simultaneous assay for inhibition of gfp (loss of aU 

3: AmouE S the Km Waited bro^Tfe «t 4-24 hoars fluorescence) and lacZ (low of nuclear ftajrescence). The 

after injection) snowed rnuvensem clefectsouliaaugnisfaable uWe describes scoring of animals as Ll larvae. ds-gfpG 

fnim those of mill mutants in uoc-54. A variable fraction of caused a loss of GFP in all but 0-3 of the 85 body muscles 

these animals (25-75%) failed to lay eggs (another pheno- W in these larvae. As these animals mature to adults, GFP 

type of unc.54 null mutants), white the remainder of the activity was sees in O-J additional bndywall muscles and in 

paralyzed animals were egg-laying positive. This may indi- i 
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WbJIo the presesl invention has been described in coo- - - 
occtioc with what b presently gn«*Wr»4 to be op<-*^i f/TO C3 
preferred cmbod imams, a tm understood Out thofavcnttoii 5 
nal lu he limited or rcalridcd to the discluftcd crnbuduncnts 
but, cm the contrary, is intended to cover variows aaodifica- 
tioos and equivalent arrangements inchadod within lbs spirit 
and scope of the appended claims. 

Tiros ilia lobe unenrstood ihai variations in the described 
invention will he tibvioun to tame skilled in the art without 
departing from the novel aspects of the present invention 
uraJaitch vartaliuoa are intended to corns whhin the scope of 



We 
I. A 

jot» nvi 



to inhabit eanrewdne of a target acne ii 
tg intmifectKM of a ribonucleic acid i 
into the ceU in an amoent suffic 
the target gene, wherein tbe RNA 



<5> 



poa-t EaW7«Mie mm (mHv to toes of eua-t tmrncuom) 
«at. J sue*— a body (Opy) — P*«M ^ g fcwe tio») 

«<ln Table 2>gonad injections were cmiried out into tbe GFP 
r courier strain PD4251. which em pres ses hmh milochnndrial 
GFP and eucleat GFFLacZ. 



{rnulccule wilb a fast strand turaboing essentially of a 
ribonucleotide se q uen ce which oorrcaasrods to a nucfaoiids 
sequence of the target eene and a second strand coasting 
essentially of a ribonucleotide which ia conrots- A89k. 

memory to the nucleotide sequence of tbe target gene* ™ 
wbercia the flrat and the second ribonucleotide strands are 



separate complementary strands that hybridise to each other 
) to form said double -etranded molecule, and the donbhv 
*° stranded molecule inhibits cxprcamioo of the Unset eene. > 
2. The method of claim 1 in which lbs target gene is a 



cellular L 

X The method of claim 1 in i 



4. The 
transgena. 



of claim 1 in which the target gene ia a 
1 in which the target gene b a viral 
of daim 1 In which the cull a from an 



his allowed simultaneous 
assay of ishabitfun with gfp (Janitor overall fluorescence), 
tacZ (Inasuf nuclear fluoresce nc*>, and enc-22 (twitching). 
Body cavity injections were carried out into the tail region, 
to muamas accidental injection of lbs gonad; equivalent 
results have been ufoerved with injections into the anterior 
region of the body cavity. An equivalent set of injections was tito* 
also performed into s single gonad arm. For all sites of The 
injection, the entire progeny brood showed phenotypes so oninM *- 
idenrical to those described in Table I . This tacasded prog. 7. The method of daim 1 in which the ccg is from a plans, 

eny produced from both injected and uninfected gonad urn *- The method of claim 6 in which tbe cell is from aa 
Injected animals were scored three days after recovery and invertebrate animal. 

showed somewhat less dramatic pha nut ypen then their prog. *• The method of claim S in which the cell is from a 

eny. This could in pan he das to the persistence of products 9 , nematode. 

already present in the injected adult. After ds-unc22B 10 The method of claim I in which t! 

iojection, a fraction of the injected animals twitch weakly oiidc sequence cornprisca at least 25 bat 



£3 



under standard growth conditions (10 out of 21 animals). *° lbe target gene and the second ribonucleotide sequence tfVj) 
Uvamisote trcstment led to twitching of 1 00% (21/21) of comprises at least 23 bases which am complementary to tbe %mm ^ 
these animals. Similar effects were seen with uVuncZZA. nucleotide sequence of the target gene.) 
Injections of ds-gfpG or ds-lacZL produced a dramatic 60 U. The raethod of daim 1 in which the target geo* 
decrease (but not elimination) of the corresponding GFP canreasioo ia inhibited by at least 10%. 
repnrtcrs. In soma cases, isolated cells or parts uf animate f 12. A method to inbtba cxpremmn ol a target gene irTl 
rdaioed strong GFP activity These were roost frequently 1 invertebrate organism < — — 
seca to the smcrior region and around the valve. Injections f (a) providing an inve 
uf ds-gfpG and cfavlacZL produced no rwitchimu while s| celL wherein the u 



rwitchinju while ti 

njections of dvunc22A pro du ced no change in GFP (tun- 1 



celL wherein ti 
the target celt i 
_ the target j 
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(b) contacting Mid invertebrate organism with a ribo- 
oudeic acid (RNA), wherein the UNA ts a double- 
m nnded molecule with a first strand consisting cswo* 
liaily of a ribonucleotide sequence which corresponds 
to a oocJeolideaeqacocc of the target gene and a aeoood 
strand consisting essentially of a ribonucleotide 
sensenca which ■ complementary to the nucleotide 
sequence of the target gene, wfaerein lbs ftrat aad the 
mmabJ rtbootMiontide aequcotxe ate separate ootnpJe- 
Dentary strssds that hybridise to each otbar to form the 
double-etnndcd molecule; and 

(c) un reducing the UNA into I be target cell, thereby 
inhibiting expression of the target gee*. 

13. The method of claim 12 is which the organism is a 



14. Ihe method of claim 13 in which a farrrrotaiinn 
corn prised of the UNA is applied on or adjacent to a plant, 
and disease associated with nematode infection of the plant 
is thereby reduced. 

15. The method of claim 12 in which said doubte-atrindcd 
bonncUk acid stratum is at least 23 bases in length and 
ach of the riboneckic acid strands i* able to xpeaAcatry 



/hybridize to a' deoxyj 
gens over the at best 
It. The method of c 



2* 



deoxyribonucleic acid strand of the target 
1 least 25 bases, 
method of claim 12 is which lbs expression of the 
Urget gene is inhibited by at lessi tO%. 

17. The method of claim 12 in which the RNA is intro- 
duced within a body cavity id the urgannm and outside the 
urget celL 

1*. The method of claim 12 is which the RNA is intro- 
duced by extracellular injection into the organises. 

If. The method of claim 12 in which the uresnisoa is 
contacted with the RNA by reeding the organism food 
containing the RNA. 

2ft. The method of claim If in which the food comprises 
a gcoctanUy^gioecred oast transcribing the RNA. 

21. The method of claim 12 in which at least one strand 
of lbs RNA is pi ed u ced by transcription of an eaptmxin 




plant is thereby reduced. 
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Differences Between U.S. Patent No. 6, 506 , 559 Bl , issued 
January 14, 2003 ("Fire et al. Patent' 7 ) and U.S. Provisional 
Application No. 60/068,562, filed December 23, 1997 
("Fire et al. Provisional") 

• ( ) indicates text which appears only in Fire et al . 
Patent 

• [ ] indicates text which appears only in Fire et al . 
Provisional 

• In Provisional is " . . . " indicates text found in both Fire 
et al. Patent and Fire et al . Provisional, but with changes 
in Fire et al . Patent. 

• { } gives more specific location of the text in the 
Provisional, where the text in the Fire et al . Patent does 
not follow the same order as the Fire et al . Provisional. 

1. In Provisional is 

2. In Provisional is >x ," 

3. Provisional only 

[, presented in the literature over the last few 
month, ] 

4 . In Provisional is " . However" 

5. Patent only 

(been used to) 

6. In Provisional is "inhibited" 

7. Patent only 

(The extreme . . . formation) 

8. Provisional only 

[These distinctions] 

9. Provisional only 

[and non- replica ting] 

10. Provisional only 

[The process may be practice ex vivo or in vivo.] 
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11 . Provisional only 

[(i.e., a cellular gene)] 

12. Provisional only 

[(i.e., a cellular gene present in the genome)] 
13 . Provisional only 

[(i.e., a gene construct inserted at an ectopic site in 
the genome of the cell) ] 

14. Provisional only 

[viral ] 

15. Patent only 

(of a pathogen) 

16 . Provisional only 

[(e.g., at least 10%, 20%, 50%, 75%, 90%, or 95% of 
targeted cells) ] 

17. Provisional only 

[target gene transcription, ] 

18. Provisional only 

[,] 

19. In Provisional is "multiple" 
20 . Provisional only 

[Fully duplex RNA lacks an unpaired region with single- 
stranded structure . ] 

21. Provisional only 

[(e.g., at least 5, 10, 100, or 1000 copies per cell)] 

22. In Provisional is "are" 

23 . Provisional only 

[ (see Gribskov and Devereux, Sequence Analysis Primer, 
Stockton Press, 1991, and references cited therein)] 
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24. Provisional only 

[Greater than 90% sequence identity, or even 100% 
sequence identity, between the inhibitory RNA and 
target gene is preferred for the identical nucleotide 
sequences . ] 

25. Provisional only 

[(e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 
50°C or 70°C for 12-16 hr) . The length of the 
identical nucleotide sequences may be at least 25, 50, 
100, 200 or 400 nucleotides] 

26. Patent only 

(protozoan . . . or) 

27 . Provisional only 

[or yeast] 

28. In Provisional is "vector" 

29. Provisional only 

[(e.g., promoter, enhancer, silencer)] 

30. In Provisional is "is" 

31. In Provisional is "or" 

32. Patent only 

(, introduced . . . affected) 

33. In Provisional is "are preferred such as" 

34. Patent only 

(directly) 

35. In Provisional is "of a solution containing the RNA." 

36. Patent only 

(present) 

37. In Provisional is "that is" 

38. In Provisional is "The present" 

39. In Provisional is "the present" 
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40. In Provisional is "The noted disadvantages" 

41. Patent only 

(the) 

42. Provisional only 

[These genes were chosen based on: (1) a defined 
molecular structure, (2) classical genetic data showing 
the nature of the null phenotype. Each segment tested 
for RNAi is designated with the name of the gene 
followed by a single letter (e.g., unc22C) . Segments 
derived from genomic DNA are shown above the gene, 
segments derived from cDNA are shown below the gene. 
The consequences of injecting double-stranded RNA 
segments for each of these genes is described in Table 
1. dsRNA sequences from the coding region of each gene 
produced a phenotype resembling the null phenotype for 
that gene . ] 

43. In Provisional is "H" 

44. In Provisional is 

45. Provisional only 

[, both expressed in body muscle. The fluorescent 
nature of these reporter proteins allowed us to examine 
individual cells under the fluorescence microscope to 
determine the extent and generality of the observed 
inhibition of gene expression] 

46. Patent only 

(visualized . . . microscope) 

47. Provisional only 

[These GFP patterns appear identical to the parent 
strain, with prominent fluorescence in nuclei (the 
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nuclear localized GFP-LacZ) and mitochondria (the 
mitochondrially targeted GFP) . ] 

48. Provisional only 

[Observable GFP fluorescence is completely absent in 
over 95% of cells. Only a single active cell is seen 
in the larva in panel D, while the adult animal in 
panel E shows staining in none of the striated body 
wall muscles. Inhibition is not effective in all 
tissues: the entire vulval musculature expresses active 
GFP in the adult animal shown in panel E. Panel F 
shows two rare GFP positive cells in an adult. Both 
cells express both nuclear-targeted GFP-LacZ and 
mitochondrial GFP. ] 

49. In Provisional is animals" 

50. Provisional only 

[In the animals derived from this injection, 
mitochondrial-targeted GFP appears unaffected while the 
nuclear-targeted GFP-LacZ is absent from almost all 
cells (e.g. larva in panel G) . ] 

51. Patent only 

( (dark stain) ) 

52. Provisional only 

[The 1262 nt mex-3 cDNA clone 20 was divided into two 
segments, mex-3A and mex-3B with a short (325 nt) 
overlap. Similar results were obtained in experiments 
with no overlap between inhibiting and probe segments. 
mex-3B antisense or dsRNA was injected into the gonads 
of adult animals, which were fed for 24 hours before 
fixation and in situ hybridization (see reference 5) . 
The mex-3B dsRNA produced 100% embryonic arrest, while 
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Fire et al . Patent and Fire et al . 



>90% of embryos from the antisense injections hatched. 
Antisense probes corresponding to mex-3A were used to 
assay distribution of the endogenous mex-3 mRNA (dark 
stain) . Four-cell stage embryos are shown; similar 
results were observed from the 1 to 8 cell stage and in 
the germline of injected adults.] 

53. In Provisional is "The scale is such that" 

54. Provisional only 

[Purified antisense and sense RNA from unc22A were 
injected individually or as an annealed mixture. 
"Control" was an unrelated dsRNA (gfpG) . Injected 
animals were transferred to fresh culture plates 6, 15, 
27, 41 and 56 hours after injection. Progeny grown to 
adulthood were scored for movement in their growth 
environment, then examined in 0.5 mM levamisole. ] 

55. Provisional only 

[in the graph] 

56. Patent only 

(Progeny ... 56 hours The) 

57. Provisional only 

[:] 

58. In Provisional is 

59. Patent only 

(FIGs. 5A-C 

60. In Provisional is 
61 . Patent only 

(producing) 
62. Patent only 

(by introducing) 



showing" 
. . gfp.) 

DESCRIPTION OF PREFERRED EMBODIMENTS" 
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63. Provisional only 

[with] 
64 . Provisional only 

[1] , i.e. a paragraph break 

65. Patent only, but see Provisional {page 5, line 28 to page 6, 
line 12} 

65.1. Provisional only 

[or into the extracellular environment] 
{page 6, line 1} 

65.2. Provisional only 

[The process may be practiced ex vivo or 
in vivo.] {page 6, line 3} 

65.3. In Provisional is "viral gene which is present 
in the cell after infection thereof." {page 6, 
line 8-9} 

65.4. In Provisional is "the procedure" {page 6, 
line 10} 

66. Provisional only 

[Sequence] 

67. Patent only 

(nuclease protection, ) 

68. Patent only 

(gene . . . microarray, ) 

69. Patent only 

( (ELISA) ) 

70. Patent only 

( (RIA) , other immunoassays) 

71. Patent only 

( (FACS) ) 
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72. Patent only 

(acetohydroxyacid synthase (AHAS) , ) 

73. Patent only 

( (AP) ) 

74 . Patent only 

( (GUS) ) 

75. Patent only 

( (CAT) ) 

76. Patent only 

(horseradish peroxidase (HRP) ) 

77. Patent only 

((Luc), . . . (OCS),) 

78. In Provisional is "or" 

79. Patent only 

(Multiple . . . tetracyclin . ) 

80. Patent only 

(as compared . . . invention) 

81. Patent only, but see Provisional {page 6, line 12 to page 
7, line 9} 

81.1. Provisional only 

[target gene transcription] {page 6, lines 
15-16) 

81.2. Patent only 

(As an example . . . region.) 

81.3. In Provisional is it" {page 6, line 17} 

81.4. Patent only 

(For example . . . synthesis.) 

81.5. In Provisional is "multiple" {page 6, line 20} 
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81.6. Provisional only 

[Fully duplex RNA lacks an unpaired region 
with single stranded structure.] {page 6, 
lines 20 - 21} 

81.7. Patent only 

(500) 

81.8. Patent only 

(; lower . . . applications) 

81.9. Patent only 

(sequence comparison and) 

81.10. Patent only 

(by, for example, . . . Group) . ) 

81.11. Patent only 

(the portion of) 

81.12. Provisional only 

[ for the identical nucleotide sequences] 
{page 7, line 4} 

81.13. Patent only 

(hybridization) 

81.14. Patent only 

(; followed by washing) 

81.15. Patent only 

(300) 

82. Patent only 

(As disclose . . . divergence.) 

83. Patent only 

(protozoan . . . or) 

84. Provisional only 

[or yeast] 
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85. Patent only 
(Preferred 

86. Patent only 
(; field . 

87 . Patent only 
(cotton . 

88. Patent only 

(sunflower, ) 

89. Patent only 

(; vegetable . . . carrot,) 

90. Patent only 

(celery . . . pepper, ) 

91. Patent only 

(pumpkin . . . juniper;) 

92. Patent only 

(palm, poplar, ) 

93. Patent only 

(redwood . . . and) 

94 . In Provisional is "cow" 

95. Patent only 

(sheep) 

96. Patent only 

(Representative . . . Homoptera.) 

97. In Provisional is "That" 

98. Patent only 

(having the target gene) 

99. Patent only, but see Provisional {page 7, line 11 to page 7 
line 15} 

99.1. In Provisional is "vector" {page 7, line 14} 



Fire et al. Patent and Fire et al . 



. . . morphologies.) 
. . bean) 
. . sorghum) 
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99.2. Patent only 

(, splice . . . polyadenylation) 

99.3. In Provisional is "is" {page 7, line 15} 

100. Patent only 

(Inhibition . . . apparatus.) 

101. Patent only 

(or enzymatically) 

102. Patent only 

(a cellular) 

103. Provisional only 

[of the cell] 

104. In Provisional is "construction" 

105. In Provisional is "vector" 

106. Patent only 

^32, 33, 34j 

107. Provisional only 

[Goeddel, Gene Expression Technology, Academic Press, 
1990; Kreigler, Gene Transfer and Expression, Stockton 
Press, 1990; Murray, Gene Transfer and Expression 
Protocols, Humana Press, 1991;] 

108. Patent only 

(also) 

109. Patent only 

(U.S. Pat. . . . 5,804,693;) 

110. In Provisional is "Preferably" 

111. In Provisional is "is" 

112. Patent only 

(and/or . . . strands) 

113. Provisional only 

[The] 
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114. In Provisional is "introduced directly" 

115. Patent only 

(introduced) 

116. Patent only 

(into) 

117. Provisional only 

[Examples of extracellular spaces into which the RNA 
may be introduced include] 

118. In Provisional is "or" 

119. Patent only 

(introduced orally . . . may also be used.) 

120. Patent only 

(the roots, ) 

121. Patent only 

(the) 

122. Patent only 

(A transgenic . . . organism.) 

123. In Provisional is "are preferred such as for example," 

124. In Provisional is "with" 

125. In Provisional is "vector" 

126. In Provisional is "vector" 

127. In Provisional is "vector" 

128. Patent only 

(Other methods . . . target gene.) 

129. Patent only 

(a cell . . . introduced into) 

130. Patent only 

( carcinogenic/ tumorigenic) 

131. Patent only 

(or maintenance) 
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132. Patent only 

(Treatment . . . envisioned.) 

133. Patent only 

(or transformed . . in C. elegans) 

134. In Provisional is "is" 

135. Provisional only 

[%] , i.e. a paragraph break 

136. In Provisional is "can be used" 

137. In Provisional is "are" 

138. In Provisional is "For instance/' 

139. Patent only 

(RNA-mediated mechanism was) 

140. Patent only 

(RNAi) 

141. In Provisional is "has" 

142. In Provisional is "In particular" 

143. In Provisional is "co-suppression" 

144 . Patent only 

(crude) 

145. In Provisional is "We" 

146. Provisional only 

[ (see Figure 4 ) ] 

147. In Provisional is "interference" 

148. Patent only 

(While . . . activity) 

149. In Provisional is "interfering" 

150. In Provisional is "We" 

151. Provisional only 

[the] 



Differences Between Fire et al . Patent and Fire et al . 

Provisional 

Page 14 of 23 



152. Patent only 

(of these crude preparations) 

153. Provisional only 

[below] 

154. In Provisional is "and that this subpopulation was 7 ' 

155. Provisional only 

[We disclose that the non-purified RNA populations 
that were effective in inhibition assays herein 
include some molecules with double-stranded 
character . ] 

156. In Provisional is "we" 

157. Patent only 

(Analysis . . . Genes) 

158. Patent only, but see Provisional {page 17, line 3 to page 
20, line 23} 

158.1. In Provisional is "interference" {page 17, line 
11} 

158.2. In Provisional is 

158.3. In Provisional is 

158.4. In Provisional is 

158.5. In Provisional is 

158.6. In Provisional is 

158.7. In Provisional is 

158.8. In Provisional is 
line 4} 

158.9. Provisional only 

[We] {page 18, line 6} 

158.10. Patent only 

(was) 



x Table 1" {page 17, line 12} 
x -" {page 17, line 12} 
{page 17, line 15} 
x -" {page 17, line 19} 
x our" {page 18, line 3} 
% -" {page 18, line 3} 
"We found this not" {page 18, 
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158.11. In Provisional is "interference" {page 18, 
line 7} 

158.12. In Provisional is "interference" {page 18, 
line 10} 

158.13. Provisional only 

[we have only observed] {page 18, line 10} 

158.14. In Provisional is "interference" {page 18, 
line 10} 

158.15. Patent only 

(was observed only) 

158.16. Provisional only 

[We assessed] {page 18, line 14} 

158.17. In Provisional is "interfere with" {page 18, 
line 26} 

158.18. Patent only 

(the) 

158.19. Provisional only 

[we used] {page 19, line 5} 

158.20. Patent only 

(was used) 

158.21. In Provisional is "we" {page 19, line 11} 

158.22. Provisional only 

[we saw] {page 19, line 17} 

158.23. Patent only 

(was noted) 

158.24. Provisional only 

[we found that] {page 20, line 3} 

158.25. In Provisional is "produces" {page 20, line 3} 

158.26. Provisional only 

[we targeted] {page 20, line 4} 
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158.27. Patent only 

(was targeted) 

158.28. Provisional only 

[ 5 ] {page 20, line 6} 

158.29. In Provisional is " . In contrast," {page 20, 
line 7} 

158.30. In Provisional is "D" {page 20, line 9} 

158.31. Patent only 

(Table 3 . . . 1998.) 

158.32. In Provisional is "we" {page 20, line 22} 

158.33. Provisional only 

[one case] {page 20, line 22} 

158.34. Provisional only 

[This would not be a consideration for a 
target gene present in a single copy in 
the genome.] {page 20, lines 23-24} 

159. Patent only 

(of) 

160. In Provisional is "interference" 

161. In Provisional is "interference" 

162. Patent only 

(Following . . . structure, ) 

163. In Provisional is V" 

164. In Provisional is "RNA" 

165. Patent only 

(Methods for) 

166. Patent only 

(Additional Description of the Results) 

167. Patent only, jbut see Provisional {page 8, line 10 to page 
10, line 12} 
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167.1. Patent only 

(sequence . . . follows:) 

167.2. In Provisional is "RNAi" {page 8, line 15} 

167.3. In Provisional is '"Figure 2A-H show analysis" 
{page 8, line 21} 

167.4. Patent only 

(were analyzed) 

167.5. Provisional only 

[effects] {page 8, line 21} 

167.6. Patent only 

( (FIG. 2, panels A-H) ) 

167.7. Patent only 

(ds-unc22A . . . affected.) 

167.8. Provisional only 

[The micrographs show progeny of injected 
animals. Panel A (young larva) , B 

(adult) , and C (adult body wall; high 
magnification) result from injection of a 
control RNA {ds-unc22A) . ] {page 8, lines 
26-28} 

167.9. In Provisional is "These" {page 8, line 28} 

167.10. Patent only 

(of the progeny) 

167.11. In Provisional is "appear" {page 8, line 28} 

167.12. Patent only 

(: young larva . . .(FIG. 2C) . ) 

167.13. Patent only 

(In contrast, the) 

167.14. Provisional only 

[Panels D-F show] {page 9, line 1} 
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167.15. Patent only 

(RNA . . . (FIGS. 2D-F) . ) 

167.16. Patent only 

(Few . . . muscle cells) .) 

167.17. Provisional only 

[Only a single active cell is seen in the 
larva in panel D, while the adult animal 
in panel E shows staining in none of the 
striated body wall muscles.] {page 9, 
lines 3-4} 

167.18. In Provisional is "is" {page 9, line 4} 

167.19. In Provisional is "expresses" {page 9, line 5} 

167.20. In Provisional is "shown in panel E." {page 9, 
line 6} 

167.21. Provisional only 

[Panel F shows two] {page 9, line 6} 

167.22. Patent only 

(were also seen) 

167.23. In Provisional is "in an" {page 9, line 6} 

167.24. Patent only 

(animals . . . FIG 2F) . ) 

167.25. In Provisional is "Panels G-I demonstrate 
specificity:" {page 9, line 7} 

167.26. In Provisional is "are" {page 9, line 8} 

167.27. In Provisional is "is" {page 9, line 11} 

167.28. Provisional only 

[e.g.,] {page 9, line 11} 

167.29. In Provisional is "Panel H shows a typical 
adult, with" {page 9, line 11} 
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167.30. Provisional only 

[lacking] {page 9, line 12} 

167.31. Patent only 

(activity) 

167.32. Patent only 

( (FIG. 2H) ) 

167.33. Patent only 

(in FIG. 2) 

167.34. Provisional only 

[Figures 3 A-D show] {page 9, line 14} 

167.35. Patent only 

(The) 

167.36. Patent only 

(was show . . . panels A-D) . ) 

167.37. Provisional only 

[Micrographs show In situ hybridization to 
embryos.] {page 9, line 15} 

167.38. In Provisional is "fed" {page 9, line 19} 

167.39. In Provisional is "are shown;" {page 9, line 
23} 

167.40. In Provisional is "Panel A: Negative control 
showing lack of staining in the absence of 
hybridization probe. Panel B: Embryo from 
uninjected parent (normal pattern of 
endogenous mex-3 RNA 20 ) . Panel C: Embryo from 
a parent injected with purified mex-3B 
antisense RNA. These embryos and the parent 
animals retain the mex-3 mRNA, although levels 
may have been somewhat less than wild type. 
Panel D: Embryo from a parent injected with 



Differences Between Fire et al. Patent and 

Provisional 

Page 20 of 23 



Fire et al. 



dsRNA corresponding to mex-3B; no mex-3 RNA 
was detected." {page 9 line 14 - page 10, line 
1} 

167.41. Patent only 

(of FIG. 3) 

167.42. In Provisional is "Figure 4 shows" {page 10, 
line 3} 

167.43. In Provisional is "of" {page 10, line 3} 

167.44. Patent only 

(was measured) 

167.45. Patent only 

(RNA) 

167.46. Patent only 

((FIG. 4)) 

167.47. In Provisional is "6, 15, 27, 41, and 56 
hours" {page 10, line 6} 

167.48. Patent only 

(The) 

167.49. Provisional only 

[ : ] {page 10, line 10} 

167.50. In Provisional is "showing" {page 10, line 10} 

167.51. Patent only 

(the) 

168. Patent only 

(FIG. 5A-C . . . effective.) 

169. Patent only, but see Provisional {page 20, line 25 to page 
20, line 25} 

169.1. Patent only 

( references (e.g.,) 
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169.2. Patent only 

(application, ) 

169.3. Patent only 

(indicative . . . disclosures are) 

170. In provisional is "Reference" 

171. In Provisional is "Karn" 

172. Patent only 

(28 . . . 1991.) 

173. In Provisional is "layed" {page 24, line 10} 

174. Patent only 

(In Table 2, ) 

175. Provisional only 

[present] {page 26, line 22} 

176. Patent only 

(New Table 3 added) 

177. Patent only 

(in vitro) 

178. In Provisional is "has" {page 27, line 5} 
17 9 . Provisional only 

[structure with an identical nucleotide sequence as 
compared to a portion of the target gene.] {page 27, 
lines 5-6} 

180. Patent only 

(molecule . . . target gene.) 

181. Provisional only 

[identical nucleotide sequence is at least 50 
nucleotides in length.] {page 27, lines 24-25} 

182. Patent only 

(first ribonucleotide . . . target gene.) 
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183. In Provisional is 

"12. The method of claim 1 in which the cell is 
present in an organism and inhibition of target 
gene expression demonstrates a loss-of function 
phenotype . 

13. The method of any one of claims 1-12 in which 
the RNA has one self -complementary strand. 

14. The method of any one of claims 1-12 in which 
the RNA has two separate complementary strands . 

15. The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation outside the 
cell. 

16 . The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation inside the 
cell . 

17. The method of any one of claims 1-12 in which 
the RNA has no single stranded structure. 

18. The method of any one of claims 1-12 in which 
the RNA is introduced within the body cavity of 
an animal and outside the cell. 

19. The method of any one of claims 1-12 in which 
the RNA is introduced by extracellular injection 
into a body cavity of an organism. 

20. The method of any one of claims 1-12 in which an 
expression vector in a cell produces the RNA . " 
{page 28, lines 1-26} 
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184. Patent only 

(Labels "FIG. 2", "CONTROL RNA (ds-unc22a) " , "ds-gfpG 

RNA", "ds-laxZL RNA" , "LI" and "ADULT" are added to 
the graphs in Figure 2) 

185. Patent only 

(Label "FIG. 3" is added to the caption for each graph 
in Figure 3) 

186. Patent only 

(Labels "FIG. 4A" and "FIG. 4B" are added) 

187. Provisional only 

[Section labeled "Progeny Cohort Group"] 

188. Patent only 

(New Figure 5 added) 
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